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PREFACE TO VOLUME II. 

Tuts work was originally planned for one volume. Its size, however, ma 
it more (I(‘sirabJo lo publish it in two. Since these will appear siraultaneoi 
it lias not been considered necessary to repeat in the second volume all 
TTint(‘rial wliieli appears at the beginning of the first, with the exception of 
^‘Key to Mill Numbers” to which the reader may need to refer constantly. 

R. H. R. 




TABLE I, 

KEY TO MILL NUMBERS 


Mill 

No. 

Name. 

Location. 

Economic Minerals. 

[ 

Gangue. 

Capacity 
per 24 
Hours. Tons. 

I. 

Gcnesee-V anderbilt 
Mining Company. 

Guston, 

Colorado. 

Gold and silver bearing py- 
rite, galena, blende and a 
little polybasite. 

Quartz, porphy- 
ry, bante and 
clay. 


2 . 

Granby Hand Jig. 

Granby, 

Missouri. 



S(a) 

3. 

Hell upon Earth. 

Joplin, 

Missouri. 

Blende and galena in coarse 
crystallization. 

Limestone 
and fimt. 

so (b) 


XT -j, 

■ Wa.<jher. 

Trexler Town, 
Pennsylvania. 

Limonite 



s. 

Limonite Washer. 

Longdale, 

Virginia. 

Limonite, of concretionary 
structure. 

Clay and shale 
with sandstone 
and pebbles. 

0 

<s 

6 . 

P(‘ace River 

Phosphate Company 

Hull, 

Florida 

Phosphate. 

Sand. 

1 

7 

i.-an(l Pebble Phos- 
l)hciU‘ C()mi>any. 

Pebble. 

Florida. 

Phosphate. 

Hard blue clay. 


K. 

Dunnelloii l’h<>*.ijhate 
Company 

Dunellon, 

Florida 

Phosphate. 

Sand, clay, etc. 

400 (c) 


Ilenrv Faust 

Galena, Kansas 

(d) 

(d) 

60-100 (c) 

20 

1 Know Mining 
C'oinpans 

Joplin, 

Missouri 

Blende and galena. 

Flint and 
limestone 

ioo~iao (<r) 

1 t 

Alma ICininons 

Sludge Mill 

(lalena, 

1 Kansas 

Unfinished blende ore. 

Flint and 
limestone. 

60(c) 

I .2 

l^'nedeiisvilli* 

Ziru ('oinp.'iiiv 

Fnedensvillc, 

I’ennsylvanui. 

Blende 

Limestone, 

quartz 

0 

1 

CaI 

'mI 

ICustis Mining 

('{•iniianT 

ICustis, P Q , 
(’an.ul.i 

Pvntc*, thahopvnte, arscno- 
pvnte, cnargilc 

Quartz and 
imia schist 

(0 

'4 

Nn hoi', ('h< niK .d 
('oinp.mi 

('apellon, P. Q . 
('.in.itl.i 

Pvrito, < haUoiiynto, and 
arsenoiivr.te 

Quartz and 
mica schist. 

Variable. 

I *5 

Kohinooi Mdl ICininn’ 
7an( t'oiiip.ins 

Jophn. 

Missouri 

Blende 

Flint. 

34 (0 

i() 

and 
« 7 

( 'll .lid i\ M UM ng .ind 

Sini Iting (. oiii]i.inv 

Gr.inbv, 

Missouri, 

Blende, (alamine, smilhson 
lie g.dena, (errusitt*, jiyro- 
iiiorplute .ind other oxida- 
tion produt Is 

Flint and 
(luartz, some 
dolomite and 
talc lie 

60 (c) 

i.H 

Minnu and A \ 

|Mdl 

L( .idville. 

( olm.ido 

Argi'iiliferous gakna, 
r»vi lie, blende 

Quartz 

95 

1 

M..\< I Mil! 

i 

L( .id\ iIUs 

( (»l((r.ido 

Argc iilil* ions galena, 
l»vnle, bh'iuh' 

Quartz 

200 


t )ld lord. in .ind 
( i,il( n.L M ining 

Ih ngh.ini, 

Ut.ih 

(Cl.issI pvnt< ) 

■{('l.iss II iiynle. galena, ^ 

/ .ind bit nd< ) 

Qii.irt/,, ami 
(Tec omyiosed 
porphyry. 

17 s 

j I 

SiK < r Agt Mill 

id.ilio Spiings, 

C oloiado 

Pvm1<s g.ilena, gr.iy copptr, 
ili.diopvnte ami blende, 
t .irrying g«»l<l and silver. 

Quartz and 
feldsp.ir. 

40-50 

- 

( cut i.il L< .id 
('( )mi».in\ 

Flat Rivei, St 
Fr.iin ois Count v, 
Missouri 

(i.iU na, a little pyrite 

Limestone 

175 


V 
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Mill 

No. 

Name. 

Location. 

Economic Minerals. 

Gangue. 

Cai>acity 
per 24 
Hours Tons 

43. 

Butte B eduction 
Works. 

Butte, 

Montana. 

Chalcocite, bomite, chalcopy- 
rite, pyrite, blende. 

Quartz and 
decomposed 
feldspar. 

ISO 

44. 

Calumet and Hecla 
Mining Company. 

Calumet, 

Michigan. 

Native copi)er, 
native silver. 

Rhyolite con- 
glomerate 
with calcite, 
epidote and 
martite. 

2640 («) 

4S. 

Franklin Mining 
Company. 

Hancock, 

Michigan. 

Native copper, 
native silver. 

Soft 

amygdaloid 

rock. 

4SO 

46. 

Osceola Consolidated 
Mining Company. 

Houghton 

County, 

1 Michigan. 

Na'tive copper. 

Am^rgdaloid, 

calcite. 

prehnite, 

magnetite. 

1260 

47 

Quincy Mining 
Company. 

Hancock, 

Michigan. 

Native copper. 

Amygdaloid. 

1700 1 poo 

48. 

Tamarack Mining 
Company. 

Houghton County. 
Michigan. 

Same as Mill 44. 

Same as 

Mm 44 . 

1500 

49 . 

New Smuggler 
Concentrator. 

Aspen, 

Colorado. 

Same as Mill 28. 

Same as 

Mill 28. 

I2S 

SO. 

A Bartlett Mill. 

Arizona. 

Galena, chalcopyrite, blende. 

Hornblende 
and quartz. 

20 (*) 

SI. 

(0 

Yreka, 

California. 

Native gold. 

Gravel. 

(m) 

s«. 

Kia Ora Gold Dredging 
Company. 

Oroville, 

California 

Native gold. 

Gravel. 

in) 

S3. 

Hector Mining 
Company. 

Telluride, 

Colorado. 

Pyrite, chalcopyrite, tetrahe- 
rite, galena and free gold. 

White and 
blue quartz. 

90 

54 

Homsilver Mining 
Company. 

Frisco, Utah. 

Native silver, ar§:entite, cerarg- 
ynte, and cerrusite. 

Quartz, cal- 
cite and 
siderite. 

zoo 

S5 

Pandora Mill of 
Smuggler-U nion 

Mimng Company. 

Tellunde, 

Colorado. 

Pyrite, chalcopyrite, galena, 
sphalerite, several arsenical sil- 
ver minerals, occasionally na- 
tive gold and silver. 

Quartz, rho- 
docrosite, cal- 
cite and 
barite. 

130 (0) 

56 . 

Franklin Mining 
Company. 

Placerxnlle, 

California. 

Native gold. 

Conglomer- 
ate, with 
black sand. 

60 

S7 

North Star Mimng 
Company. 

Grass Valley, 
California. 

Free gold, auriferous pyrites. 

Quartz. 

64 

58 

Maryland Mining 
Company 

Grass Valley, 
California. 

Free gold, auriferous pyrites. 

Quartz and 
slate. 

80 

59 

Empire Mill. 

Grass Valley, 
California. 

Native gold, aunferous pyrites 

Quartz and 
slate 

60 

60 

W Y 0 D Mill 

Grass Valley, 
California. 

Native gold, auriferous pyrites 

Quartz and 
slate. 

34 

61 

Taylor Mine of Idle- 
wild Gold Mining 
Company. 

Greenwood, 

California 

Native gold, auriferous pyrites 

Quartz and 
slate. 

115-128 

62 

Grand Victory 

Mining Company. 

Placerville, 

California 

Native gold, auriferous pyrites 

Quartz and 

trap-like 

rock 

100-150 

6j 

Bay State Mining 
Companv. 

Cosumnes River, 
California. 

Native gold and aunferous 

1 pynte. 

Quartz in 
slate 

20 

64. 

Wildman Gold 

Mining Company. 

Sutter Creek, 
California. 

Native gold and aunferous 
pjmte. 

Quartz, or 
quartz in 
slate. 

93 iP) 
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Mill 

No. 

Name. 

Location. 

Economic Minerals. 

Gangue. 

Capacity 
per ?4 

Hours. Tons. 

6s. 

Madison Mill of the 
Utica Company. 

Angel’s Camp, 
Calaveras County, 
California. 

Native gold and auriferous 
pyrite. 

Soft slate 
with quartz. 

135 (5) 

66. 

Homestake Mining 
Company. 

Lead City, 

South Dakota. 

Native gold and auriferous 
P5rrite and arsenopynte. 

Quartz in 
mica schist. 

400 

67. 

West Waverly Gold 
Mining Company, 
Limited. 

Waverly, 

Nova Scotia. 

Native gold and arsenopynte, 
galena, pyrite, chalcopynte, 
sphalente. 

Quartz. 

50-65 

68. 

Montana Mining 
Company, Limited. 

Marysville, 

Montana. 

Native gold, tetrahedrite, py- 
rite, chalcopyrite, blende, g^e- 
na, arsenical polybasite, aigen- 
tite. 

Quartz, 

slate, 

granite, 

calcite, 

manganese 

oxide. 

105 

69. 

American Developing 
and Mining Company. 

Gibbonsville, 

Idaho. 

Auriferous pyrites, argentifer- 
ous chalcopynte. 

Slate, quartz, 

calcite, 

hematite. 

97-112 

70. 

Newton Gold Mill. 

Idaho Springs, 
Colorado. 

Auriferous pyrites and native 
gold. 

Quartz 


71. 

Kennedy Mining and 
Milling Company. 

Jackson, Amador 
County, Cali- 
fornia. 

Native gold and auriferous 
P3nites. 

Quartz and 
slate. 

96 (r) 

2. 



Native gold and auriferous 
pyrite. 

Quartz in 
slate, or 
quartz. 

120 

73. 

Utica Mill of the 

Utica Company, 

Angel’s Camp, 
Calaveras County, 
California. 

Native gold and auriferous 
pyntes. 

Quartz in 
slate 

210 (s) 

74- 

Stickles Mill of the 
Utica Company. 

Angel’s Camp, 
Calaveras County, 
California. 

(t) 

(i) 

210 

75. 

Zeile Mining Company. 

Jackson, Amador 
County, 

California. 

Native gold and aunferous 
pyntes. 

Quartz, with 
slate and tal- 
cose slate. 

ISO 

76. 

Gentle Annie Mill. 

Placerville. 

California. 

Native gold and aunferous 
pyntes. 

Quartz in 
slate. 

15-25 

77. 

Hidden Treasure Mill. 

Black Hawk, 
Gilpin County, 
Colorado. 

Gold and silver-bearing miner- 
als (pynte, chalcopynte, 

blende, tetrahednte, arsenopy- 
rite, galena ) 

Quartz and 
fcldspathic 
matenal, cal- 
cite, sidente 

8S 

78. 

Gates Canvas Plant of 
Kennedy Mimng and 
Milling Company. 

Jackson, 

Amador County, 
California. 

(«) 

(«) 

100 

79. 

Keystone Consolidated 
Mining Company 

Amador City, 
California. 

(.V) 

iv) 

119 

80. 

Utica-Stickles 

Canvas Plant. 

Angel's Camp, 
Calaveras County, 
California. 

(w) 

(w) 

4 1 0 

81. 

Stephen Lavagnino’s 
Arrastras. 

Angel’s Camp, 
California. 

(x) 

ix) 

18-20 

82. 

Montana Mining 
Company, Limited. 

Marysville, 

Montana. 

Like Mill 68. 

Like Mill 68 

1 10 

83. 

Eureka Hill 

Mimng Company. 

Eureka, Tintic 
District, Utah. 

Native silver, cerargynte, gale- 
na, cemisite. anglesite, mala- 
chite, azunte, chrysocolla, ar- 
senite and arseniate of copper. 

Quartz, cal- 
cite, sulcnte 
and rhodo- 
crosite. 

120 

84. 

Mammoth Mining 
Company. 

Mammoth, Tintic 
District, Utah. 

Native silver, cerargynte, ar- 
gentiferous bante, malachite, 
arsenite and arseniate of cop- 
per. 

Quartz and 
calcite. 

1 00 

85. 

Newton Jigging Mill. 

Idaho Springs, 
Colorado. 

Like Mill 70. 

Like Mill 70 
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IX 


— 

Mill 

No. 

Name. 

Location. 

Economic Minerals. 

Gangue. 

Capacity 
per 24 
Hours. Tons. 

86. 

Rocky Mountain Mill. 

Biack Hawk, Gil- 
pin County, 
Colorado. 

Gold and silver bearing pyrite, 
chalcopyrite, blende, and 
galena. 

Quartz and 

disintegrated 

granite. 

75 

87. 

North Star on Sultan 
Mill, Silverton Mining 
Company. 

Silverton, 

Colorado. 

Native gold, pyrite, chalcopy- 
rite, galena, tetrahedrite, bor- 
nite, stibnite. 

Quartz, cal- 
cite, rhodo- 
ebrosite and 
barite. 

t 25 

88. 

Victoria Mill. 

Silverton, 

Colorado. 

Galena, chalcop3rrite, pyrite 
and tetrahedrite. 

Quartz and 
“porphyry" 
(quartz 
andesite). 

75 

89. 

Hartzell Concentrating 
Company. 

Alburtis, 

Pennsylvania. 

Magnetite. 

Siliceous 
with no 
phosphorus 
or sulphur. 

I 25 (ff) 

90. 

New Jersey Iron 

Mining Company. 

Port Oram, 

New Jersey. 

Magnetite. 

Quartz with 
some apatite. 


91. 

Edison Magnetic Con- 
centrating Plant, New 
[Jersey and Pennsyl- 
vania Concentrating 
Company, 

Edison, 

New Jersey. 

Magnetite. 

Feldspar 
with a little 
quartz and 
apatite. 

4000 (y) 

92. 

Wethenll Magnetic 
Concentrating Plant, 
Sterling Iron and Zinc 
Company. 

Franklin Furnace, 
New Jersey. 

Franklinite, willemitc, fowler- 
ite, zincite, tephroite. 

Quartz, 
cal cite, 
garnet, 
mica, 
graphite. 

200 (z) 

93-^ Wythe Lead and Zinc 

Austinville, 

Limonite, smithsonite, wille- 

Dolomite 

80 (0 

1 Mine Company. 

Virginia, 

mite, cerrusite. 

and quartz. 

94. 

J 

Leadville Gold and 
Silver Extraction 
Company. 

Leadville, 

Colorado. 

Native gold and cerrusite. 

Gray por- 
phyry with 
kaolin. 

75 


(a) Probably in lo hours. (6) In 9 hours, (c) In 10 hours, {d) Similar to, but richer than in Mill 10. 
(e) Rock house, 60 tons in 10 hours; mill, 50 tons in 10 hours, (j) In 22 hours, (g) Capacity of each roll 

sectKJn, 300 tons in 24 hours; of steam stamp section, 250 tons in 24 hours, (h) 275 to 300 tons per 24 hours 

for the section treating ore from the company mine, and 125 to 150 for the section treating custom ores. (*) For 
each of the two mills, (k) In ii hours. (/) A gold dredging plant, (w) Theoretical, 2,000 cubic yards in 
24 hours, actual r,6oo or less, (n) Theoretical, 2,500 cubic yards per 24 hours; average, less than half this 
amount (o) Since increased to 200. (p) Since enlarged to 145 tons. (<7) Since changed to about 200 tons 

(0 Since enlarged to about 135 tons (s) Since changed to 300 tons. (0 Similar to Mill 73. («) The mill 

treats the tailings of Mill 71 (w) The mill treats the tailings of Mill 72. M The mill treats the tailings of 

Mills 7 3 and 74 (x) Material is tailings from Mill 80. (y) In 20 hours, iz) A second mill erected by this 

company has a capacity of 1,400 tons in 20 hours. 

























o 

5 

f- 

< 

cd 

< 

Cl 

[Jj 

CO 



CHAPTER XVI. 

FINE SAND AND SLIME CONCENTRATOES. 


§ 479. Concentrators for fine sands and slimes may be classified according to 
the lollowing principles of action : 

A. Vanners use mechanical agitation on a shaking surface to separate the pulp 

into layers, with the specifically heavier minerals beneath the lighter; accom- 
panied by the dragging action of a belt> to take off the heavy minerals at one 
end^ and the current of surface water to remove the light minerals at the other 
end. ' ^ 

B. Bumping and jerking tables use mechanical agitation on a jerking surface, 
to separate the pulp into layers with the heavy minerals below the light ; while 
the jerking action conveys the heavy minerals to one end or side of the table, 
and the current of surface water conveys the light minerals to another end or 
side. 

C. Film-sizi/ng tables use the relative tiansporting power of a film of water, 
flowing on a quiet inclined surface, to act upon a sorted product. The smaller 
grains, of higher specific gravity, are moved down the slope slowly or not at 
all, since they are in the lower slow current; while the larger grains, of lower 
specific gravity, are moved rapidly down the slope, since they project up into the 
upper rapid current. This action separates the waste from the values. 

D. Riffles utilize the agitation of a water current flowing over their uneven 
surface, and have catch pockets for holding the heavier particles. 

E. Kieves use mechanical agitation in a deep mass of thick pulp, to separate 
the particles of higher specific gravity from those of lower. 

In concentrators of almost all descriptions the depth of the bed used seems to 
be of great importance. If too thick the work may be paralyzed, if too thin the 
capacity may be cut down. The thickness of the bed may be defined by the 
number of grains of maximum diameter, one above another, that would be equal 
to the thickness of the bed. On this basis a bed is spoken of as so many grains 
thick or deep. The above mentioned classes of sand and slime concentrators 
may be rated as follows: On vanners the bed may be 10 grains deep without 
complicating the work too much ; on bumping tables the author believes the bed 
should be, if anything, slightly less deep than on vanners; on film-sizing tables 
the grains must receive individual treatment, and therefore the bed ought to be 
only one grain deep; in riffles the bed may be several hundred grains deep and 
still good work result ; and in kieves the bed may be several thousand grains deep 
and still yield good results. 


A. Vanners. 

A vanner does its work on the upper surface of an endless belt, which is 
slightly inclined from the horizontal and receives a rapid shake in the plane of 
the belt, while at the same time it has a continuous, slow motion up tlie slope. 
The agitation makes the ore bed so loose that minerals of higher specific gravity 
can settle to the lower layer, while those of lower specific gravity rise to the upper 
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layer. The travel of the belt carries the heavy mineral to the upper end, and 
the surface water washes down the light mineral to the lower or tail end. 

There are two chief classes of vanners, and a third class which has been recently 
introduced: 

I. The side-shake, which vibrate at right angles to the direction in which the 
belt travels. 

II. The end-shake, which vibrate parallel to the direction in which the belt 
travels. 

III. Gyrating. 

The data on all kinds of vanners, as obtained from the mills, are given in 
Table 314. 


I. SIDE-SHAKE VANNERS. 

§ 480. The Frue Vannee (Fig. 381) has a main frame G, resting upon four 
posts 3, which are mortised into two heavy cross sills. Wedges 12 are provided 
to take up the slack between the posts and the main frame. This frame consists 
of two longitudinal timbers Q and three cross timbers X bolted together. Its 
slope can be varied from nothing up to 8 inches or more in 12 feet, hy means of 
wedges IS (or jack screws acting at the same points). It has eight toggle 
blocks b for supporting the shaking frame. These blocks have sockets supplied 
with rubber cushions in the bottom for supporting the toggles and the blocks 
have slots which allow them to slide in or out on their supporting bolts a total 
distance of about 2 inches, for the adjustment discussed at the end of § 487. On 
each end of the middle cross timber is a lug IJf, to which is attached the longi- 
tudinal guide bolt V connecting with the shaking frame. The boxes XXX for 
the crank shaft H are bolted to the prolongation of the cross timbers, and they 
have slotted bolt holes which allow them to be moved toward or away from the 
belt. The hanger S for the worm wheel L is bolted to the upper end of one of 
the longitudinal timbers G. 

The shaking frame F consists of two longitudinal timbers into which five cross 
timbers are notched, and all are held together by five cross bolts. Bolted to each 
side there are four toggle blocks d, which serve to support the frame upon the 
toggles N. The boxes for the two end rollers are attached to the ends of the 
longitudinal timbers, with bolt slots to allow for adjustment in and out, and set 
screws for this adjustment. These set screws are used to square the rollers, and 
to some extent to take up any slack in the belt. They may also be used, on the 
lower end roller^ to guide the belt, bearing in mind that tlio latter always runs 
toward its loosened side. The dipping roller B is hung from long hangers P, 
the tightening roller (> on short ones. In order to withstand the shake of the 
frame, each pair of hangers is braced by two diagonal rods conneeling the two 
hangers and having lock nuts on eaeli end. The ehi<'f means of guiding, as well 
as of tightening, the belt consists of the hand screws in, wliieli control the posi- 
tion of the rolh'i* (k To guide the bdt toward (‘itlu'r side of llu' niacliiiK' the end 
of C tliat is on tliat side sliould be moved loward Hie liead of tli(‘ machine. The 
tightening roller is sliorter than the others and has rounded edge's to save the 
belt flange'. At 17 are tlie lugs hy which the guide inels V ceimuM't flie sliaking 
frame to the mam frame. Tliesl' guide rods liave' le)ek niiis at lioth ends to 
square the whole shaking frame and to give it longituelinal stability. The bolts 
that hold tlie lugs 17 are the same thai hold the toggle blocks at the tail end of 
the shaking frame and also the boxes for the large tail roller. Similarly, the 
bolts that hold the toggle blocks at the head end of the sliaking frame also hold 
the boxes for the large head roller. Twelve small rollers D are mounted upon 
the shaking frame to support the belt. They are spaced 12 inclu's apart, except 
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§ 480 


the four upper rollers^ which are set closer in order to make a smoother plane 
where the final cleaning is done. The boxes in which these little rollers run are 
adjustable in and out^ in order to allow the rollers to run easily without rattling. 
All the rollers^ both large and small, are made of galvanized iron. The con^ 
centrating plane is that portion of the belt surface that is tangent to the tail 
roller and the ten little rollers above it. The cleaning plane is that portion of 
the belt surface that is tangent to the head roller and the three little rollers below 
it, and with a smooth belt it has a slope that is steeper than that of the con- 
centrating plane by inch in its length of 25 inches, due to the fact that the 
head roller is elevated inch above the concentrating plane. With a corrugated 
belt the head roller is elevated f inch above the concentrating plane. Tht‘ food 
distributor 1 is fastened to the shaking frame by means of slotted bolt holes, so 
that its height and slope can be adjusted. It has a copper amalgam box or trap 
18 j distributing blocks 19, and on its lip a sheet iron gutter 20 punched with 
J-inch holes 1 inch apart. This distributor spreads the pulp evenly across the 
belt, and the copper box serves to catch amalgam when the pulp comes from 
amalgamated plates. The cast iron wash water distributor which stands upon 
the main frame, is provided with little brass spouts inches apart. It can be 
leveled by lock nuts on its two supporting posts, and the quantity of water fed 
to it from the pipe 6 is regulated by the cock 5, With a corrugated belt the wash 
water has a little greater drop than with a smooth belt, and is applied from two 
rows of spouts, alternately longer and shorter. 

The main shaft E is supported upon the three boxes X, and receives power 
through the pulley 7. It transmits a sidewise shaking motion to the shaking 
frame F, through the cranks 0, the connecting rods R and the fastening bolts T, 
the total throw being 1 inch. It also transmits power, by the cone pulley J, 
the worm shaft K, the worm Z, the worm wheel L, the crank 21 and the spiral 
spring connecting rod M, to the head roller Ai, which causes the travel of the belt. 
As it is necessary that the speed of the belt may vary, the hand screw m can move 
the flanged pulley W on a spline from the large to the small end of tlie cone J 
to suit all demands of speed. The shaft K is suspended by the hanger Y. The 
latter can be revolved upon its supporting axis, by means of the hand stop- 
screw a, sufficiently to raise the pulley W ofi from its little driving bedt. By 
this means the travel of the vanner belt may be stopped while the shaking motion 
continues. 

When a vanner is started it should be examined to see that all the bolls and 
wedges are tight, that the little rollers are lined up to true the concentrating 
plane, and the large rollers adjusted to prevent excessive bagging of llie belt be- 
tween the little rollers. The machine being in motion, the proper (iiiantity of 
water is turned on through the water distributor 2, and ])ul]i of the right con- 
sistency is fed through the pulp distributor 1. Starting from llie tail roller yU 
(Pig. 381), the endless belt moves slowly up over the little rollers of llie con- 
centrating plane, receiving its pulp from 1; then passes up over the rollers of 
the cleaning plane, under the water-distributor 2, over the head roller and 
down into the tank where the belt is immersed by the roller B to remove the 
adhering concentrates. It receives a final cleansing from the spray pipes 22 
and 23, and then passes over the tightening roller C, and returns beneath the 
tail roller to repeat these operations. The tailings arc carried down the slope 
of the belt by the water current, and discharged to tlie apron 21/ and the waste 
trough 8. The wash water, the quantity of which should be kept at a minimum, 
is used to remove the last of the quartz from the heads; and it also keeps the 
ore bed on the cleaning plane thoroughly wetted. If points or fingers of ore 
form, with crests uncovered by water, ore will float off by greasy flotation and 
pass into the tailings. 
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The concentrates may collect in the tanks and either be hoed out or nia;y -urrent 
out continuously through small spigots. In either case there will he an overflov, (i) 
which goes to settling boxes to save the fines. In Mill 40 there were two J-inch. 
spigots in the bottom of each tank, and these left a small amount of water to 
overflow. More recently this mill has adopted a new method, which does away 
with the tank. The whole vanner is raised one or two feet higher than usual, 
the dipping roller brought considerably forward, and an apron placed beneath 
and parallel to the belt where the latter passes from the dipping to the tightening 
roller. The concentrates, removed from the belt by inside and outside spray 
pipes, run down the apron into a launder that extends along the whole row of 
vanners at their head ends. 

An automatic sulphuret discharge roll is used in Mills 41 and 73. This roll 
(5, Fig. 384a), is placed on the outside of the belt directly beneath the head 
roller, and takes most of the sulphurets off the belt, delivering them nearly dry- 
in a box, on a board or on the floor in front of the heads tank, leaving them more 
accessible and in better condition for shoveling than by the usual method. The 
belt then dips into the usual tank to remove the little remaining concentrates. 

§ 481. The belt is of two-ply rubber (about 0.175 inch thick) and has flanges 
on the edges to confine the ore and water. The width is either 4 or 6 feet. The 



FIG. 383. — WOODJiURY VANNER BELT. 


length of the concentrating and cleaning surface is 12 feet. The original Frue 
belt has an erect flange IJ inches high. This flange is made of high grade, very 
elastic rubber, which slrelchcs in passing over the end rollers, returning to its 
normal form after passing them. The Loring belt (Fig. 382) has a very thick 
flange of soft, high grade rubber. It is vertical on the inner side and rounds 
down on the outer to a thickness greater than its height. It has in it a layer 
of duck which helps it to maintain its shape. At Mills 05, 73 and H4 this is 
preferred to all others. The Woodbury belt (Fig. 383) has a crimped flange, 
which simply straightens on going over Ihe rollcu’s, with l(‘ss stretching than the 
other forms. The Blasdel belt has a flange which leans inward at a slope of 
about 00°. As this goes over the end roller it partially lies down inward, and 
therefore does not stretch e\ccs‘-ivc‘ly. At Mill 57 this is pn'ferred to all others. 
The Brownell flange is erec't, like the Frue, hnt is folded ov(m‘ outward upon 
itself. In passing over the end roller it flallcns outwardly, and so parily avoids 
the stretching. This is prehared to others at Mill 59. The Siimmc'rhayes flange 
is hollow or tubular. 'Ihe inner wall stands vertical, the outer bows outward. 
This flange flattens and inclines outward during its passage over the end rollers. 
For the practice in the use of flanges see Table 314. 

The belt generally has a smooth surface, but corrugated belts (originated by 
F. B. Morse) are also used. The latter have V-shaped grooves running across 
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be best adapted for securing the advantage of this device, with less tendency to 
carry up quartz into the heads. A plain belt and a corrugated belt running 
side by side were tested on a silver ore composed of blende, gray copper, pyrite, 
galena, chalcopyrite and ruby silver.^® The ore was stamped through a lii-niesh 
screen and treated in a hydraulic classifier. The overflow wont to a settling 
tank and the product from the spigot of the latter was divided in two equal 
parts and sent to the vanners. Each figure in Table 315 represents the total 
or average of several days’ run, in most cases six days. The results of these 
tests show that the corrugated belt makes cleaner tailings, often halving their 
silver contents, but that it throws more quartz into the heads. Less atteniion 
was given in these tosts to getting the cleanest tailings, because they were sent 
to other concentrators to be treated again. 


TABLE 316. — COMPAEATrVE EBSULTS WITH PLAIN AND WITH COREDGATED VAN NEB 

BELTS. 


Lot. 

Percent 
of 
Sul- 
phides 
in the 
Ore. 

Silver 
in Bat- 
tery 
Pulp. 
Ounces 
per Ton 

Plain Belt. 

Corrugated Belt. 

Concentrates. 

Tail- 

ings. 

Ounces 

of 

Silver 
per Ton 

Concentrates. 

Tail- 

Ings, 

Ounces 

of 

Silver 
per Ton 

Weight 

Pounds 

Ounces 

of 

Silver 
per Ton 

Total 

Silver 

Con- 

tents. 

Pounds 

Ounces 

of 

Silver 
per Ton 

Total 

Silver 

Con- 

tents. 






Ounces 






A, 

7.0 

22.7 

4,209 

207.6 

480.8 


5,500 

174.1 

478.7 


R 

9.3 

22.2 

5'323 

216.6 

676.5 


6,6.56 

181.0 

612 4 



6.7 

13.3 

3,080 

120.8 

186.0 

6.3 

4;750 

KKl.l 

211.0 

3.1 

D 

6.0 

14.2 

4,350 

144.7 

314.7 

4.0 

6,720 

120.0 

4(K}.3 

2.7 

Totals and averages . . . 



16,962 

178.3 

1,514.0 


23,626 

147.5 

1,712 3 


E 

12.6 

62.8 

6,750 

262.0 

1 887.4 

13.0 

0,220 

212.0 

081.0 

7.6 


11 0 

28.8 

8,890 

170.7 

280.4 

17.0 

5,770 

1:J2.7 

382 0 

7 «.> 

G 

H.5 

45.0 

4,530 

215.0 

487 1 

8 2 

7,270 

100 5 

?2r> 0 

0 5 

H 

14.2 

62 6 

8,910 

288.8 

! 564.6 

15 1 

4,o<;o 

2.")0 1 

021 0 

13.1 

To als and averages. 



18,580 

239 0 

2,228.5 


27,220 

100 2 

2,710.5 



21.0 

83.7 

8,080 

.827 2 

503.9 

10 0 

4,5:)0 

201.0 

002 1 

7 


Modifications of the corrugated belt have been devised, using a narrow hand 
of corrugations and a wide band of plain surface on the belt. I’liis form has 
met with considerable favor. The corrugated spaces come forward periodically 
and sweep up grains of ore that a plain belt might lose. At the same time, tlie 
contamination of the heads by quartz is largely prevented. At Mill .IS hand' 
of corrugations 4^ inches wide are interspaced with bands of plain surface l(i 
inches wide. The corrugations consist of (!0° grooves | inch wide allernalimr 
with others ^ inch wide. This belt was found to carry up too much sand. .\t 
Mill 74, a 1-ineh band of 60° corrugations, each -jh inch wide, and Inu mg hands 
of smooth belt 3 feet wide between them, proved satisfactory. At Mill the 
sanae arrangement as the last, only differing in the vidth'of the plain hand, 
which was 3 feet, proved satisfactory. At Mill 60 3-ineh hands of l-imh 
corragations alternate with 4-foot bands of plain surface, (ieorgi* dates ha- 
designed a belt with a surface having many fine jiits ajqiroaclimg eoai-M' sand 
paper in roughness. It is applicable to both end-shake and sidi’-shake vanners. 

Mill 41 uses a canvas belt, which costs .$7 against .$130 for rnhher, and lasts 
6 months against 4 years for the rubber; that is, the rubber belt cost’s 17 tiim's 
as much, but lasts only 8 times as long as the canvas. Tlie author is unable to 
state the comparative effectiveness of treatment. The canvas yirohahly holds 
the ore better than the smooth rubber, but it would depart more from a triii* 
plane in going over the little rollers than would the stiffer rubber bolt. Witli 




§ 482 


FINE SAND AND SLIME CONCENTRATORS. 


651 


proper care, rubber belts generally last from three to five years, depending on 
the amount of idle time (see Table 314). 

§ 482. Modifications of the True Yanner. — The Union Iron Works make 
a Prue vanner using four iron posts as the mam frame (Fig, 384^&), with an 



FIG. 384a. — ^UNION VANNER. 


iron shaking frame and with two adjustable eccentrics, in place of fixed cranks, 
to allow of variation in the amount of throw. This puts one more adjustment 
under the control of the mill man. It is quite probable that a larger number 
1 of shorter 'Strokes will be suitable for fine pulp, while fewer, 

- longer strokes will suit coarse pulp. The forward motion 

of the belt is effected by cone speed pulleys and worm gear on 
Ik fixed frame, connected by chain and sprocket to the shak- 

H frame. The latter is suspended on four links (Fig. 

TJB 384&). The slope of the belt is adjusted by means of the 

hand screws 1, and the clamps 2. The main frame is fixed, 
B the crank shaft being set at the average slope of the shaking 

frame. Any variations in the latter are taken up by the 
^ flexibility of tin connecting rods. 

Iron frames an* more durable than wood, but they do not 
take up the jar so well. 

FIG 3 8 46 Ri^don Iron Works make a vanner with four iron 

MET iioi) OF Tnain frame and an iron shaking frame; and a 

ir A N a I N G device for giving the forward tiavel to the belt, con- 

s II AKiNG ^HH'd cone pulh'ys and shippc'r, and a sprocket 

FRAMi^’ ON chain, all upon the main frame, transmitting to a 

TTTvrnM V A NT - Hi'xiblc shaft with two universal joints in it, and a worm gear, 
on ilu* shaking frame*, acting directly on the head roll. The 
shaking frame is siipporled upon four toggles, and tlu* toggle 
blocks below are suspended from four rods with h'veling scr(‘ws. Wh(*n the right 
level is gained the toggle blocks are clamped in place by nuts. It puts the dip- 
ping roller almost under the head roller, and uses two tightening rollers. The 
main frame is much the same as that of the Union Iron Works machine. 

The Gates Iron Works make a device for driving the belt of a side-shake 
vanner, consisting of a crank on the shaft of the head roller driven by a corre- 
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spending crank on tke shaft of the worm wheel (L, Fig. 381), the two cranks 
having a sliding contact to provide for the side motion of the shaking frame. 

The Colorado Iron Works drive the belt of a side-shake vanner by means of 
a link connection. 

The Tulloch Concentrator is a side-shake vanner which has a rocking motion 
upon pivots below. The vertical rocking radius of the head end is 32 inches 
long, of the tail end is 30 inches long. This mechanism gives the belt a 1-inch 
horizontal movement in the center, and a IJ-inch rising movement on one edge, 
with a corresponding falling movement on the other edge ; all of which are re- 
versed on the return movement. The effect of this motion is seen in the pulp 
bed, which is thickest in the middle of the belt, and thins out toward the edges, 
not quite reaching the flanges of the belt. Mill 74 has sixteen Tulloch and eight 
Frue vanners, and each vanner treats 12-J tons (dry weight) of stamp mill pulp 
in 24 hours. 

The Johnston Conceiitrator, also made by the Risdon Iron Works, is a side- 
shake vanner with a rocking motion somewhat similar to that of the Tulloch, but 
obtained by very different mechanism. The shaking frame is suspended on four 
rods which slope inward and downward and which therefore give a horizontal 
motion to the center of the belt and a lifting motion to the rear edge, the rise 
probably being more gentle than on the Tulloch. 

The Noriom Concentrator, made by the Joshua Hendy Machine Works, substi- 
tutes spring arms for the toggles of the Tulloch. Their supports can be moved 
inward to give a rocking motion analogous to that of a vessel’s deck, or outward 
for a motion analogous to the swing of a hammock. 

II. END-SHAKE VANNERS. 

§483. The Triumph Concentrator. — This machine (Fig. 385) resembles 
the Frue vanner in many respects. The essential difference is in the direction 
of the shaking motion, which is endwise. It is made with an iron main frame 



1, which is fixed, and an iron shaking frame 2, whicli oscillates oiulwiso on ton 
wooden toggles B, It receives its shaking motion and (‘ridwisc stability from 
two connecting rods and its sidowi'-o stability from four rods />. It lias a 
head roller 6, tail roller 7, dipping roller 8, and tightening roller 0, and twelve 
little supporting rollers 10. The head roller is made slightly crowning in the 
center to keep the belt true. The power is received by a pulley 11, and delivered 
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through cranks to the connecting rods The cranks make from 200 to 240 
revolutions a minute. The belt travel is imparted by the friction disc 12, and 
pulley IS, the worm IJf and gear 15, and pinion and gear 16- It may be in- 
creased or decreased by moving the friction pulley IS from or toward the center 
of the disc 12, The little counter shaft for making this adjustment, simply 
slides in its boxes by the action of the hand-screw 22 and the arm 2S, The 
slope is varied by blocking up the sill 2^. under the main frame 1, The pulp 
distributor 17 is attached to the shaking frame, 2, and the wash water dis- 
tributor, 18, to the main frame 1, The heads tank 19 is raised and lowered 
with the main frame 1. It is so constructed that the heads can be withdrawn 
by a hoe into a box 20 in front, from which they are shoveled to a wheel- 
barrow. The tightening roller 9 can be swung upon and bolted to the semi- 
circular piece 21 in order to tighten the belt; and to guide the belt, the piece 
21 can be moved a short distance toward the head or tail, by set screws. The 
belt moves toward that end of the tightening roller which is swung toward the 
head end of the machine. The feed, the operation and adjustments of the end- 
shake vanners are much the same as those of the Frue. Adjustments to get rid 
of side banks are not needed. 

George Gates, of Jackson, California, has designed a modified Triumph van- 
ner for finishing extremely fine material that has already been partially con- 
centrated on a canvas table. In Mill 78 this vanner is 4 feet wide by 8 feet 
long. The little rollers are placed 6 inches apart and Gates thinks 4 inches 
would be better. The belt is quite loose, but is kept flat by the large number of 
little rollers. It has an adjustable end shake and uses -j^^-ineh throw. It makes 
240 throws per minute for the coarser grade and 224 for the finer. The slope 
is li inches in 1 foot, equivalent to 18 inches in the 12-feet length of an ordinary 
vanner. The travel is 85 inches per minute. The reasons for these unusual ad- 
justments are explained under the heading travel, slope and pulp water, § 487. 
Gates^ rule is that the finer the pulp the greater should be the slope and travel, 
and the less the water. When fed with pulp assaying $30 per ton, it brings it 
up to $100, the tailings being treated on a special set of canvas tables. Both 
the feed jets and the wash water jets are 2 inches apart and in the same paths. 
This allows wide bands of concentrates to come up to the head of the machine 
without being disturbed after they have once settled on the belt. 

The Embrey Concentrator is a belt vanner with an end shake. It is made in 
two forms, known as the four roller and the five roller patterns, with iron frames 
and with wooden frames respectively. The latter has the lightest shaking parts 
of any of the vanners, and will now be described. The main frame G (Fig. 
386), is in halves, and consists of longitudinal caps, sills, posts and braces, with 
cross sills and bolts to hold the two halves together. On the inside of the caps 
are hung the six stirrups h, which are adjustable vertically and which support 
the lower ends of the six toggles N. For greater variation in slope than can be 
obtaiiK'd by these stirrups, the main frame G, is wedg(‘d up or down. The 
sliaking frame F, is of wood and has upon it a head roller A', a tail roller A, 
and ti‘n little rollers I). The distance from cent(‘r to cemter betweem tlu' head 
and tail rollers is 10.4 feet. Plumb under the hc'ad and tail rollers are two 
larg(‘ rollers B and B', which are supported on the main frame. 1410 roller B, 
serves as a dipping roller to discharge concentrate's and is also a tightening roller. 
The roller B' communicates the traveling motion to the belt, and also holds the 
end portion of the belt vertical. The true tightening roller is (7, under the 
shaking frame, near its center and attached to one of the braces of the main 
frame. This construction gives the shaking frame less to carry, by two large 
rollers and their hangers, than any of the other designs. The power is applied 
by belt and pulley J, to the shaft H on the lower end of the machine, having 
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two flywlieels Q, two eccentrics 0^ and connecting rods^ R, The latter con- 
nect directly with the lower end of the shaking frame. The travel of the concen- 
trating belt is obtained through the cone speed pulleys J'J, the bevel gears F, 
the worm shaft X and worm gear L, which is attached to the lower tail roller 
Longitudinal stability is given by the connecting rods R, and lateral stability 
by cast iron standards, a, a' and a'\ The shaft is given ^00 to 220 revolutions 



FIG. 38G. — KMBRFY VANNER. 


with a throw of ^ inch. The concentrating belt is 4 f('(‘t wide ontsid(‘ the 
flanges. The wash water is distributed by a pipe witli many little spouts, and 
this pipe is given an oscillating motion across the belt by a bell crank h, which 
is connected to the shaking frame by the strap c. The imdinaiioii geniTallv 
used is 3 inches in 10.4 feet. 

Woodbury Vanners are made either with end-shake or with side-shake. The 
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end-shake will be here described. There are three important differences be- 
tween this and the other end-shake vanners : First, several narrow belts are used 
instead of one wide belt ; second, the concentrates that are settled upon the belt 
mostly pass up unmolested by the feed distributor. This is done by putting 
on the feed pulp in rows or files of holes, 7 holes to a file, which are lined up 
with the length of the belt, leaving wide spaces of the belt to travel up past the 
feed without having the settled ore particles molested by it; and third, the 
flanges on the edges of the belt are crimped, thus causing almost no stretch in 
the rubber while going over the rollers- The machine has a main frame of iron, 
standing upon wooden sills. Ten wooden toggles stand upon the main frame, and 
upon these the iron shaking frame is carried. The latter carries a head roller, tail 
roller, dipping roller, tightening roller and eleven little rollers. Its lateral 
stability is obtained by four transverse bolts connecting it with the main frame. 
Its longitudinal stability is provided by the connecting rods which, being driven 
from the shaft at the head end, cause the vibration of the shaking frame. The 
eccentrics to which these connecting rods are attached are adjustable from no 
throw to a throw of 2 inches. The revolutions recommended by the maker are 175 
per minute, with a throw of 1 inch or inches ; but the revolutions found in the 
mills are generally 220 to 235 per minute (see Table 314), with presumably 
less throw than just mentioned. The belt travel is obtained by cone pulleys 
and belt, driving a little countershaft on which is an eccentric revolving inside 
a gear-wheel. This gear-wheel is prevented from revolving by a radial arm 
attached to it and running in guides in order to allow the gear to gyrate. As 
the gear g 3 Tates it meshes with an annular gear surrounding it, the number of 
teeth in which varies by one from the driving gear, and consequently it advances 
one tooth for every gyration of the driving gear. The slope is varied by wedg- 
ing the head end of the main frame. The machine has four, seven or thirteen 
belts. The thirteen belt machine has belts 5 inches wide and one file of feed 
holes to a belt ; the seven belt machine has belts 9 inches wide, two files of feed 
holes to a belt; and the four belt machine has belts about 13J inches wide and 
three files of holes to a belt. Each of these files of holes is fed by its own trough ; 
and the troughs radiate from a center, and have over them a revolving distribut- 
ing bowl (see Fig. 387). In 
this wav the troughs all re- 
c(‘ivo a like quantity of simi- 
lar pulp. 

S 484. COMPAIUSON OF 
vSll)i:-SllAKK AND End- 
SiiAKR Vanners. — There 
Is a g(‘n(Tal feeling among 
(California null men that the 
bido-^liako IS b'tter for 
coarM‘ hlimes and the end- 
shake IS bettor for fine 
slime^. The following opin- 
ions are quoted from mill managers and manufacturers. The end-shake prin- 
ciple IS preferred by Mill 59 for ordinary stamp pulp; and by Mill 57 because 
it may be given higher rate of vibrations. Mill 53 finds that less of the finest 
slimes are lost in ordinary stamp pulp by the end-shako than by the side-shake 
machine. Mills 78 and 79 find the end-shake far preferable to the side-shake 
for very fine canvas table concentrates. The side-shake principle is preferred 
for ordinarv stamp pulp by Fraser & Chalmers, Union Iron Works and Mill 26; 
and Mill 58 found its side-shake vanners mechanically better made than its 
end-shake. Adams^ finds that while the end-shake vaimer can make very clean 
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tailings, it at the same time throws more quartz into the heads than does the side- 
shake; and that, if sufficient water is used to prevent this, concentrates are lost 
in the tailings. 

There is a marked difference between the manner in which the concentrates- 
are carried up past the pulp distributors on the two styles of machines. The 
side-shake vanner has a pulp distributor with :^-inch holes 1 inch apart, from 
which streams of pulp fall upon the belt. The side shake causes these streams 
to waggle so much that they more or less disturb the concentrates as the latter 
pass the distributor. The fine grains so disturbed get into the quick water and 
are carried down the belt to settle again, and try once more to run the gauntlet 
of the pulp distributor; though the coarse grains easily pass up the first time. 
On the other hand, the end-shake vanners give an endwise waggle to the pulp 
streams, so that the concentrates are less disturbed when passing up by the dis- 
tributor. On the Woodbury machine this advantage is increased by placing 
the feed holes in several single files parallel to the length of the belt, with quite 
wide spaces between the files, for the fines to pass up unmolested, instead of in a 
single rank across the belt with but little space between the holes. Adams^ 
takes issue with this saving by the end-shake vanner by saying that it carries 
too much quartz into the heads. The reason for this is that the jets of cleaning 
water tend to flow down in gutters and the concentrates to come up in little 
banks, from which the last of the quartz is less easily removed than with the 
side-shake. 

Another disadvantage of the side-shake machines is the formation of banks 
and gutters at the edges of the belt, in which the separation cannot take place 
as well as in the middle. These banks are due to the fact that, as the belt 
flange moves inward, it momentarily compacts the ore near it, and only partially 
thins it on the return stroke. This may be largely overcome by running the 
vanner with a thin bed (from 0.15 to 0.20 inch thick over the little rollers) . 
The end-shake vanner almost entirely avoids the formation of banks and gutters, 
and so the treatment at the edges is almost exactly the same as in the middle. 
The relative losses at the sides and at the center of a Frue vanner have boon 
tested in Mill 40, where samples taken for a period of twelve hours yielded: 



Middl . 

Edges. 

Silver, ounces per ton 

Copper, percent 

1 20 

1.05 

2.00 

1 35 


The Tulloeh vanner with its tilting side-shake, has wliolly done away willi th(‘ 
edge banks, but it has a much quicker current on tlie edges than in ih(‘ e(‘nt(T, and 
samples show more sulphurets at the edges than at tlie center, ^l^his leiidcuKy 
to form rich edge banks is an important feature in comparing vanri(‘rs. Other 
things being equal, the vanner that has the least edge enriehrnent would seiun 
to be the better machine. The author has no data in this direction for end- 
shake vanners. 

The side-shake vanner shakes its sixteen rollers (twelve small and four larg(‘ 
rollers) endwise, and in so doing throws the whole weight of the rollers against 
their boxes, tending to move the latter and produce a baek-lash, which oru c 
established makes a bump at every throw of the machine and forms a hank of 
sand on one side of the belt. The end-shake vanner has no such cuniulati\(^ 
effect, and hence the annoyance of bumps is much less liable to occur, and of 
banks still less, the two connecting rods and eccentric straps being the only 
points at which a bump can occur. 

Both practical experience and theoretical considerations point clearly to th(‘ 
conclusion that the end-shake principle is better than the side-shake for very 




§ 485 FINE SAND AND SLIME CONGENTMATOBS. 657 

fine pulp. For coarse pulp, the suinming up of the evidence seems to prove 
that if clean heads are desired the side-shake vaimer must be used; but if the 
cleanest tailings are sought, even at the expense of a little extra quartz thrown 
into the heads, the end-sh^e vanner should be used- 

ill. GYRATING VANNERS. 

§ 485. Gyrating vanners receive, upon all parts of the belt, a motion that 
would be circular but for the travel of the belt. The two motions combined 
give a path like Fig. 388. 

The Ellis Concentrator gives a gyratory motion to the shaking frame, which 
is supported on four universal toggles. The motion is imparted by heavy, 
vertical shafts carrying eccentrics on their upper ends, the straps of which are 
bolted directly to the shaking frame. These eccentrics are made synchronous 
by gear transmission. The batea belt, which has disc-like pits distributed over 
its surface, acting in much the same way as a batea, is designed to make use of 
this gyratory motion. 

Snyder uses a gyratory vanner shaken by an unbalanced high-speed fly- 
wheel. The machine is prevented from shaking itself to pieces by making the 

•i 
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FIG. 388. — VINDICATOR CARD FROM SNYDER VANNER. 



FIG. 389. — VINDICATOR CARD PROM TRUE VANNER. 


frame light and supporting it on six round steel rods, the lower ends of which 
are set into cups fastened to the floor. Hangers on the wooden frame carry 
two rods that extend across the machine beneath the belt. These rods support 
an X frame, which carries a pulley and unbalanced weight on a short, vertical 
shaft. This pulley is driven by a 2-inch belt that passes over guide pulleys on 
the side of the frame, and to an overhead driving pulley. In practice it has 
been found desirable to use a gyration of about J inch and a speed of about 225 
shakes a minute. No jar is transmitted to the floor, and there is no racking of 
the frame. The belt travel is obtained from a Challenge feed clutch on the 
head roll. The actuating arm of this clutch is attached to the floor by a flexi- 
ble rod; and by changing the point of attachment of this rod to the floor, the 
travel can be varied from nothing up to 25 feet a minut(‘. Fig. 388 is a dia- 
gram taken directly from a Snyder vanner, and shows the path of a point on the 
belt when tlie machine is running. For comparison. Fig. 389 is given, showing 
the path of a point on a Fnie belt.*'’^ These vanners were formerly used at the 
mill of the Ottawa Gold Mining and Milling Co. at Keewatin, Ontario, but have 
been replaced by Frue vanners owing to numerous breaks and unsatisfactory 
results. 



OPERATION OF VANNERS. 

§ 486. In using vanners it is necessary to consider the proper quality of 
feed pulp, the vibrations, rate of travel, slope, quantity of water, and the depth 
of the pulp bed. 
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Quality of Feed . — ^Pulp is fed to vanners from gravity stamps (after passing 
over amalgamated plates in most cases) in 23 mills (see Table 314) ; and from 
a Huntington, a Griffin and a Bryan mill in one ease each. In 3 mills the tail- 
ings from each Ko. 1, stamp-fed, vanner go to two No. 2 vanners, the second 
vanners completing the work of the first. The maximum size of grain actually 
fed to vanners in some of the stamp mills, as shown by Table 314, ranges from 
0.41 to 1.13 mm. (0.016 to 0.045 inch), the commonest size being about 0.75 
mm. (0.03 inch). In 7 mills, vanners are fed with middlings from convex 
revolving slime tables, a practice which is logical and economical. The table 
middlings are free from the fine rich slimes which are difficult for the vanner 
to handle. This plan was adopted in Mill 30 to displace the practice of sending 
coarser material from classifiers to tables, and finer to vanners, with greatly im- 
proved results. In Mills 78 and 79 the concentrates from canvas tables are 
finished on end-shake vanners, with the object of enriching an already high 
grade product without special regard for clean tailings; but in these cases very 
exceptional adjustments are required (see the Gates vanner, §483). The tail- 
ings are re-treated on special canvas tables. 

In regard to classifying pulp for vanners, it must be remembered that a classi- 
fier will not do satisfactory work unless the quantity of feed water is regular. 
The feed probably is regular in all the cases of classification shown in Table 


314. ^ This table shows that vanners are fed with classified pulp from hydraulic 
classifiers in one mill; from surface current classifiers in one mill; from whole 
current classifiers in eight mills; and from a whole current classifier, mixed 
with the finest jig tailings, in one mill. Tailings from the finest jigs go directly 
to vanners in one mill. Vanners receive the overflow of hydraulic classifiers 
in five mills; and the overflow of whole current classifiers in one mill. Fraser 
& Chalmers hold that it is not wise to classify the food to vanners if it is finer 
than 30-mesh, or 40-mesh at the utmost limit, and in no case where the water 
quantity varies. The Union Iron Works hold that it is not wise to classify pulp 
for vanners unless it is rich in sulphurets, which slime easily, noting that the 
classifier adds one more apparatus to be attended, and loses two or three feet 
of mill head without compensating advantages, except as just indicated. In 
one of the gravity stamp gold mills on the author’s list, hydraulic classifiers were 
tried on pulp stamped through a 30-mesh screen; but the result was unsatisfac- 
tory on account of frequent variations in the water, due to hanging up part of 
the stamps or to other causes. The vanner treating the first spigot variiid from 
normal load to a great overload, while the last of the si*ri(‘s varu^d from no load 
at all to so much water that it would wash off all the ore from tlie vanmu-. On 
the other hand, Fraser & Chalmers report successful work at the ColinnhiM mill, 
Marshall Basin, Colorado, with pulp stamped through a ’20-iti sen'cm and s(*nt 
to a hydraulic classifier. The first spigot went to a eorrugatial hedt vaniuM’ which 
treated 14 tons in 24 hours; the three remaining s})igots going to smooth h(*lt 
vanners, the classification increasing the capacity of each of these from tons 
to 7 tons in 24 hours. 


Vibrations . — The number of vibrations recommondi'd by (he* manufacturers 
for a plain belt Prue vanner, with a throw of one inch, is 180 to 200 peu- minut(‘ • 
for the corrugated belt it is 194 to 210 ; above 210 are said to strain th(‘ machiru^' 
In the mill practice, the number was found to rang(‘ from KiO to 210 but ISO 
to 200 are most common (see Table 314). For end-sliake vanmu-s the numlxT 
ranges from 200 to 240, but the amount of throw with the high spird is less 
than one inch. The amount of vibration is generally om* incli in all Hk* standard 
vanners, but some designs have the eccentrics adjustable for grcaicT or b‘ss throw 
to pit varying conditions. The Gates fine-pulp vanner uses a throw‘of only 
tV inch. In general the greater the throw the more the pulp is liquified 
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The number of vibrations and amount of throw are interdependent and must 
be considered together. If a high speed is adopted, a small throw must be used 
to prevent injury to the machine and allow the concentrates to settle; and v.ice 
versa, if a low speed is adopted a long throw should go with it in order to soften 
the pulp sufficiently to allow the quartz to rise to the upper layer. 

§ 487. The travel of the belt is the adjustment on which the mill man chiefly 
relies for regulating the vanner. For the smooth belt, Fraser & Chalmers recom- 
mend 24 to 36 inches per minute ; and that found in the mills ranges from 18 
to 85 inches per minute, 24 to 45 inches being most common. The travel of 
the corrugated belt is generally faster than of the smooth belt. The purpose 
of the belt travel is to carry up the concentrates to the upper end. If it is too 
rapid it will carry up quartz into the concentrates, and if it is too slow it will 
allow concentrates to be washed down into the tailings. 

The slope of the concentrating plane recommended by Fraser & Chalmers, is 
from 3 to 6 inches in 12 feet; that found in the mills ranges from IJ to 8.8 
inches, 3 to 5 inches being most common. When a corrugated belt is used, the 
inclination is greater than with a smooth belt by 2 or 3 inches in 12 feet. The 
amount of slope is all important : too much sends the valuable mineral into the 
tailings ; and too little sends the quartz into the concentrates, and tends to make 
the bed too thick, and to form banks on the sides of the side-shake vanners. 

The quantities of water used on vanners in several mills, and those recom- 
mended in Fraser & Chalmers^ catalogue, are given in Table 316. On Frue 
vanners in the mills, the quantity fed with the pulp varies from 2 to 7.5 gallons 
per minute, and the wash water varies from 1 to 2.80 gallons per minute. The 
pulp fed to these vanners contains from 1.6 to 7.6 tons of water per ton of ore; 
the total, including the wash water, ranging from 2.4 to 10.7 tons of water per ton 
of ore. It will be noticed that the Woodbury end-shake vanners in Mill 61 each 
receive 18 gallons of water per minute in the pulp and use 2.75 gallons for wash 

TABLE 316. — WATER USED ON VANNERS. 


Frue Vanners. 



Water— Gallons per Vanner 
per Minute. 


Ratio by 
Weight 
of Feed 
Water to 
Dry Sand 

Ratio by 



Travel. 

Mill or Authority. 

Fed with 
Pulp. 

For 

cleaning 

Jets 

aboveand 

below. 

Total on 
Belt, 

Sand in 
24 Hours. 

Weight 
of Total 
Water to 
Dry Sand 

Width of 
Belt 

Slope. 
Inches in 
12 Feet. 

Inches 

per 

Minute. 

53 

2 00 

1.00 

3 00 

Tons 

1 6 

2 4 

Feet 

4 

I 

48 

57 

5.04 

1.74 

6 78 

7 6 

10 2 

4 

24 

62 

12 (57 

7^ to 10? 


7 1 to 10 7 

4 

45 

64 

7 50 

i 24 

8 74 

’ ' ’ ‘5 8* 

« 8 

4 

3 to 5 

30 to 72 

68 

5 00 

1 00 

6 00 


(i 0 

8 2 

4 

3^ 

22 

65 73 and 74 

4 25 

1 125 

5 375 

12U 

2 0 

2 r> 

4 


7 . 5 ’ . . . . 

5 00 

2 80 

7 80 

3 2 

5 0 

4 



82 

Fraser & Chalmers 

5 00 

1 1 50 
) a (K) 

1 00 

1 CKUa) 
1 50 

() 00 

2 50 

4 50 

4 

6 

5 5 

2 3 

8 0 

0 1 ) 

8 8 

4 5 

4 

i ^ _ 

2^ to 

3 to 6 

87 to J9 

24 to 36 



Tiilloch Vaiineis. 



74 

4 25 1 1 12.5 1 5 375 

1 1 2 0 1 2 G 1 

8 1 2 1 . . . . I 



Triumpii Vanners 



50 

10 40 

3-i4 16 7 

4 1 3 

26 

62 

. . 12 67 

7? to’lO? ... 7 1 to 10 7 

5 5 4 

48 

Woodbury End-shake Vanners 

61 

18 00 1 2 75 20 75 

1 15 1 7 2 1 8 3 

1 5 1 “8 

1 72 


(a) The quantities ffivon in this column by the mills include the water used in the spray-pipes beneath; 
but those j^iven by Fraser & Chalmers do not include that. 
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water ; but these machines treat an unusually large quantity of ore ( 15 tons in 
24 hours). 

The quantity of water is all important ; too much washes the valuable mineral 
into the tailings, too little allows the quartz to pass up into the heads. It is 
well both for economy of water and for the saving of slimes, to use as little 
water as will do the work. In Mill 69 the denser pulp of a single issue battery 
is found to be decidedly better material for treating on a vanner than the thin- 
ner pulp of a double issue battery. Clayey, talcose, slaty and calcareous ores 
all form a glutinous pulp and should, therefore, be more dilute than quart-s 
ores. Talc may even form a slippery coating on the belt, which needs to be 
brushed off from time to time with a corn broom. 

Travelj slope and pulp water all depend upon each other, and must therefore 
be discussed together. To carry off quartz more rapidly toward the tail of the 
machine, we may either decrease the travel, increase the slope, or increase the 
pulp water. Conversely, to carry pyrite more rapidly toward the head of the 
machine, we may increase the speed of travel, decrease slope or decrease pulp 
water. Two or even all three of these adjustments may be changed at the same 
time. 

^ In regard to slope and travel, it will generally be found that, with other condi- 
tions remaining the same, steep slope needs high speed of travel, and gentle 
slope needs slow speed. This is illustrated in Mill 71, for which two slopes arc 
recorded, and the steeper slope is accompanied by the faster travel (see Tabic 
314). There are three chief qualities of pulp which will call for variation 
in the slope and travel. They are: specific gravity of the heads and of the tail- 
ings; relative quantities of heads and tailings; and the size of the grains. If 
the heads are of low specific gravity, they may need more rapid travel or gentler 
slope, or both, than when they are of high specific gravity. If the tailings are 
of high spefific gravity, they will probably need steeper slope or slower travel, or 
both, than would be the case with tailings of lower specific gravity. If the 
percentage of concentrates is large, a quick travel must be used to prevent the 
sheet of heads from being abnormally thick, because a thick sheet of heads will 
entangle much quartz, A steep slope will then be needed to take away the 
quartz. If these changes are not made and the machine is run normally, the 
quantity of feed will have to be less than it would be if it contained a smaller 
percentage of heads. Very fine pulp will be treated best with steep slope and 
rapid travel, and with but little water in the pulp. Under the spcicial condi- 
tions of Mill 78, where very fine slimes are being treated, we find the extraordi- 
nary slope of 1-^ inches in one foot, and travel of 85 inches per miniiie. Tliis 
stem slope is necessary because fine pulp must be treated m a thni (ilm ; and, 
with the steep slope, rapid travel is required in order to prc'vent the pvrite’from 
being washed into the tailings. Very coarse pulp will, in llic author’s opinion 
(although positive data is not at hand), be best treated with gentle slope; and 
mth this it may be found beat to use a large quantity of water, and slow v'lbra- 
tions of very long throw. This combination may eaus-e the pulp to slop over 

the flanges of a side-shake vanner, and therefore be available only on end-shuke 
vanners. 


The proper quantity of water in the pulp varies inversely wilfi the slope and 
directly with the travel. Where the slope is steep or the travel is low, the quan- 
tity of pulp water must be low to prevent loss in tailings; and where the slope 
IS gentle or the travel is high the pulp water should be in larger quantity in 
forming Sde baifijr heads and to prevent the bed from becoming too thick and 

^ The bed of pulp on the belt, when a vanner is running properly will bo '>-radpd 
m richness from the head to the tail end, the heads being ncar?y f£e from gaJ^e, 
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the tailings nearly free from concentrates. Pour or five per cent, of quartz are 
commonly allowed to go into the heads for the sake of preventing the tailings 
from carrying off too much value. The great length of the concentrating plane 
is provided because the removal of the heavy mineral from the gangue takes 
place gradually. The author is of the opinion that in ordinary practice the best 
thickness of the bed from the pulp distributor to the tail roller is from 0.15 to 
0.20 inch over the little rollers; and he believes it should never be more than 
0.25 inch thick. It will of course, be somewhat thicker between adjacent rollers. 
If the bed is too thick it will ^^felt” (form a peculiar hard cake), which pre- 
vents the separation of the minerals. With a thick bed in the case of fine pulp, 
a side-shake vanner may set up waves from each side of the belt, and if these 
opposite sets of waves happen to coincide they will produce longitudinal banks 
and gutters all the way across the belt. Good separation cannot be made in 
these banks, while in the gutters there will be rapid currents that will tend to 
carry concentrates into the tailings. 

The average thickness over the little roilers is given from seventeen mills in 
Table 317. These measurements were made with the special gauge described in 
§ 884 : 

The number of grains in the depth of the ore bed is important. A bed 0.2 
inch thick, with grains 0.02 inch (0.5 mm.) in diameter, is ten grains deep and 
permits easy separation. If it was 0.5 inch thick it would be 25 grains deep, 
and the work of separation difficult. It is evident, then, that the finer the pulp 
the thinner should be the bed. In Mill 78 the bed is exceptionally thin (0.08 
inch), which is necessary because that mill is treating an unusually fine product. 
Table 317 shows that on 26 vanners in 7 mills the number of maximum grains 
depth of the bed ranges from 5 to 21, the most common numbers being 5, 6 and 
7. To calculate these numbers the diameters of the maximum grains were de- 
termined from the size of holes in the stamp mill screens. Since in stamp mill 

TABLE 317. — AVERAGE DEPTHS OF PULP BED ON VANNERS, MEASURED ABOVE THE 

LITTLE ROLLERS. 


MiU 

No. 

Kind of 
Vanner. 

Number of 
Measures 
Averaged. 

Depth of 
Pulp Bed. 

Number of 

1 Ma3:inmTn 
Grams in 
the Depth 
of the Bed 

Mill 

No 

' Kind of 
Vanner 

Number of 
Measures 
Averaged 

Depth of 
Pulp Bed. 

Number of 
Mnximu'- 
Grains in 
the Doptli 
of the B('(I , 




Inches. 



1 


1 Inches. 


30.... 


8 

0 18 


61... 

Woodbury. 

9 

0 15 

5 


7 

0 11 


62. .. 

Triumph.". 

7 

0 17 

(i 



7 

0 11 



Frue. .*. . . . 

8 

0 21 

7 

35 


1 

0 12 


65... 

Union 

6 

0 14 

5 



4 

0.27 



Vr 

5 

0 15 

5 



4 

0 24 



i 1 O' . 

3 

0 16 

5 



4 

0 10 



Frue .... 

8 

0 16 

5 

39... 

Frue. ... 

4 

0 28 



Frue 

8 

0 17 

(5 


Frue . . . 

4 

0 20 



Frue 

8 

0 17 

(5 

'11 . 

T 

3 

0 18 



Frue 

8 

0 20 

7 


' 1 ' 

1 

0 43 

■ h" 

(58... 

Frue 

4 

0 21 

10 


Frue 

1 

0 35 

11 


Frue 

4 

0 1(5 

8 


TniiTiiiih 

1 

0 1(5 

5 


Frue 

4 

0 12 

(5 


Triumph 

1 

0 21 

7 

71 

I^'rue . . . 

8 

0 255 



Tnurnpli 

1 

0 27 

9 


Frue 

8 

0 1(5 



Tnuuiph 

1 

0 14 

5 

72 .. 

Woodbury 

8 

0 10 


58 .. 

Frue 

3 

0 20 

18 

71 ... 

Frue 

0 1 

0 10 



Frue.. .. 

(> 

0 83 

15 


Frue 

4 1 

0 17 



Triiimi)h 

3 

0 28 

12 

78 

Gates. ... 

53 

0 08 



Triumph . 

3 

0 83 

15 

82 

Frue 

4 

0 10 

”o 

€ 0 ... 

Fr”#^ - - - 

3 

0 10 



Frue 

4 

0 43 

21 

Frue, 

3 

0 17 



Frue 

4 

0 36 

18 


(a) Measured at the middle of the belt. 


pulp the majority of the grains are quite small, compared to the maximum, it 
follows that the actual number of grains in the depth of the bed is larger than 
that given in the table in each case. 
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To properly run a corrugated belt, the bed should be thinner than on a plain 
belt, and have almost no edge banks. This is accomplished by a steep slope. 
The logic of this is that the catching power of the belt is so great that we can 
afford to flow the quartz off to the tail more rapidly ; and we thereby increase the 
capacity of the machine. 

With a vanner properly adjusted the depth of the bed will be very nearly uni- 
form. The following figures from a vanner in Mill 71 are given as representing 
a well adjusted machine: Depth on roller N'o. 5 (just below pulp distributor)^ 
0.19 inch; depth on roller No. 6, 0.14 inch; depth on roller No. 7, 0.15 inch; 
depth on roller No. 8, 0.15 inch; depth on roller No. 9, 0.16 inch; depth on roller 
No. 10, 0.15 inch; depth on roller No. 11, 0.18 inch; depth on roller No. 12 
(tail small roller), 0.14 inch. 

If the concentrating plane is true, there may be a slight tendency of the bed 
to thin from the distributor toward the tail roller; but in the last instance, 
from Mill 39, shown in the following list, since the slope of the belt was about 
normal (3f inches in 12 feet) the greatly decreased depth toward the tail is due 
to either too rapid travel, too little slope or too little water. 



Mill 88. 

Mill 89. 

Mill 39. 

Little roller No. 6 (a little below pulp distributor) 

Little roller No. 8 

Little roller No. 10 

Little roller No. 12 (the tail small roller) 

Inches. 

0.11 

0.22 

0.35 

0.88 

Inches. 

0.12 

0.18 

0.19 

0.32 

Inches. 

0.45 

0.83 

0.20 

0.18 


If the belt is untrue, the measurements of the bed show it. The first two col- 
umns of figures in the above list (from Mills 38 and 39) show a bad depression, 
increasing toward the tail, due to the rollers being out of line. The measure- 
ments also show whether the side adjustments are keeping the bed even from side 
to side. In Mill 35, measures were taken at the two ends of one single little 
roller half way down the vanner. At one end the bed was 0.094 inch deep, at 
the other end 0.145 inch deep, showing need of side adjustment. 

If, on a side-shake vanner, thick, dead banks form on both sides of the belt, 
they indicate that the bed is too thick, caused either by too rapid travel, too gem- 
ile slope, or too little water in the feed pulp. Changing either of these a(l.jiist- 
ments will effect a cure; but to decide which to use, the mill man should try 
them all, one at a time, and adopt that which removes the evil and at tlu* same 
time gwes the cleanest tailings. If the sand and water are not evenly dislribut(‘d 
upon the belt, first be sure that all the parts of the machine are in line, that ihe 
+MI taken up, and that there is no jar or bump in the machine. If a bunk 
still forms on one side, it indicates that the shaking frame is not vibraling 
equally in both directions upon the toggles. The under toggle blocks on llie mam 
frame must then be adjusted by slackening their bolt.s and tapping them with a 
hammer, to overcome this uneveness. They should all be moved toward the 
side that has no bank. If this is not sufficient, the shaft bo.xes may be moved 
toward the belt if the bank is on the further side, or away from the belt if it 
IS on the nearer side. 


. OF VANNEEs.-Frasor & Chalmers give, as the capaeitv of 

a 4-foot Frue vanner, 4 to 6 tons in 24 hours for stamp mill pulp, which' has 
passed through a screen with fifty holes to the linear inch, and 6 to 8 tons if ihe 
pulp is a trifle coarser. Table 314 shows 4-foot side-shake vanricrs in ir, mills 
treating from 4 to 12^ tons in 24 hours, with an average of 74 t(in« Of 9 six- 
foot, side-sh^ake vann^s, treating from 6 to tons in 21 hours ’the avera-e 
capacity is 9| t ons. Two end-shake vanners, with 4-foot belts, treat respcctive'ly 

•The vanner treating 16?^ tons sends its tailmgs to two 
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3 J and tons in 24 hours ; and five end-shake machines, with 5-foot belts, treat 
from 5 to 15 tons in 24 hours, averaging 10 tons. 

To be driven at its greatest capacity, a vanner needs rapid travel, in order to 
prevent the sheet of concentrates becoming so thick that the gangue cannot sepa- 
rate from it. Steep slope must then be used in order to carry the gangue down 
the slope. An ore with a large percentage of concentrates must not be fed as fast 
as one that contains less concentrates, because the sheet of concentrates would 
become too thick. When a vanner is driven beyond its natural maximum ca- 
pacity, some concentrates will be lost in the tailings for lack of time for proper 
treatment. Very fine ore must be treated slowly, else the bed will be too thick 
even if the slope is steep. If it be attempted to overcome the difficulty by dilu- 
tion with water, there is great danger of loss in the tailings. 

The high capacity of the vanners in Mill 61, where one 5-foot machine treats 
15 tons in 24 hours without any re-treatment of tailings, and saves 80% of 
the concentrates, is, in the author^s opinion, chiefly due to the unusually steep 
slope (8-3^ inches in 12 feet) and rapid travel {72 inches per minute), though 
partly to the fact that the stamp batteries in this mill are adjusted for minimum 
sliming. The vanners have an end-shake, which is the most favorable for saving 
the fines- It will be noticed that in Mills 54 and 84, where the tailings of one 
vanner are re-treated on two other vanners, the higher capacity of the first 
machine is accompanied by steeper slope and faster travel than is found on the 
other two ; and under similar conditions in Mill 83 the first vanner has faster 
travel and higher capacity than the second. In the three mills just mentioned, 
the first set of vanners receive very large quantities of ore ; and if the contrary 
has not been proved by trial, it is an open question whether there would not be 
a closer saving by distributing the feed equally to all the vanners in the first 
place. In Mill 54, for example, there are 6 six-foot vanners, each treating 
16f tons in 24 hours, followed by 12 vanners each treating 8-J tons; but with 
the suggested change each of the 18 vanners would only receive 5f tons, and there 
would be no re-treatment. 

Power. — In estimating mill work Fraser & Chalmers allow J horse power 
per vanner. Preston gives horse power as common California practice. In 
Mill 53, 12 vanners, with the mill shafts for driving them, are reported as using 
10 horse power. At Mill 59, the 16 vanners and their driving shaft require 7 
horse power. 

Cost of Repairs. — The following quotations are averages for single vanners. 
Mill 64 gives the average cost of repairs for five years including belt renewals, 
as follows: 



Belt. 

Other Ex- 
penses. 

Total 

Frue vanner 

Triumph vanner 

$19 12 

26 25 

$3 44 

5.60 

$22.56 

31.85 


Mill 41 reports that a rubber bolt costing $120 is worn out in four years on a 
Tulloch vanner. Other mills report expense for belts as follows: 


Mill 

No 

Average Annual 
Expense for 
One Vanner 

Kind of Belt 

Kind of 
Vanner. 

Mill 

No. 

Average Annual 
Expense for 
One Vanner. 

Kind of Belt. 

Kind of 
Vanner. 

20.. 

t;31 6.5 to $47 50 

Frue. 

Frue 


1 $38.;4:4 

Woodbury. 

Tnuinph. 

24... 

103.00 

Frue 

Frue. 

.59.. 

] 48 00 

Blasdel smooth. 

Triumph 

26... 

27 no to 67 50 

Blasdel. 

Frue 


/ 46 no to .57 .50 

Triumph. 

Triumph 

26.... 

23.00 to 57 50 


Johnston 

61 . 

J About 50 00 

1 About 60 00 

7-helt Woodbury 

Woodbury. 

a5... 

23 75 

Frue 

Frue 

13 belt Woodbury 

Woodbury. 

40.... 

25 (K) 

Frue. 

Frue 

75 

20 00 

Frue 

Frue 

67.. . 

68.. .. 

10.00 or more. 

9 50 

Frue. 

Frue 

82. . . . 

27.40 

Frue. 

Frue, 
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In regard to these costs, it should be noted that the vanners vary m duty from 
those in ivnn 34, worked night and day, six days a week, to those where the nml 
stands idle a good deal of the time. The author has not the facts m regard to 

*^ills report average expense for a single vanner per year, for repairs other than 
belt renewals^ as follows: 




•jvriii 26 

$10.00 



ivfill R7 

2.60 

4 * 1 4 

/wav* AO 

FriiA 

lyfiii 59 

7.00 

Pi Ow ov©r lu.uu 

2 40 

Frue* 

Mill 61 

About 13.00 

About 6.00 

Frue. 




Johnston. 

Triumph. 

Triumph. 


§ 489. Vannek Testing. — Investigating the work of vanners by sizing tests 
and by assaying the different sizes, is most important, as it shows whether the 
values in the feed and in the tailings are contained mostly in the coarser sizes or 
in the finer. Having decided this, the first thing to consider is whether the van- 
ner adjustments are all at their best; and then, if further treatment is neces- 
sary, what methods are applicable. Two instances of such investigations are 

here given: . 

The figures from Mill 68 (Table 318) show the percentage distribution of 
values in the coarse and fine sizes of the vanner feed and products. These values 
are computed in two ways: First, based on the original sample; and, second, 
based on the sum of the screened samples. This tabic shows how important is 
the consideration of the extremely fine slimes. The portion of the feed tliat will 
pass through a 100-mesh screen contains 68.58 or 76.65% of all the gold in the 

/ pABT.T; 318. — SIZING TESTS OF VANNEK FEED AND FEODDCTS IN MILL 68. FED FROM 
SINGLE DISCHARGE STAMPS WITH SO-MESII SCREENS. 




Percentage 

Sizes of Qrains. 

of Each 

Size. 


Values per Ton. Percentage of Total Values. 


Silver. 



o’eS^ S 

"cJrs t3.5'd. ■a.-o'a 

MO OBJ MOoS 

cSE-iCQCD eoOU 


Battery pulp.. 


Original sample 

On 30 mesh 

Through 30 on 40 mesh.. 

“ 40 on 60 

“ 60 on 80 “ . 

“ 80 on 100 “ 

** 100 mesh 

Totals and averages. . . 


M o o 00 I cn 
cSE-icoaQl CO 
(Cl 


0.50 0.03 0.03 0.04 0.04 


».49 100.00 100.06 100 00 


Original sample. 


Concentrates. . 


On 80 mesh 

Through 80 on 60 mesh. 

60 on 80 . 

“ so on 100 “ . 
“ 100 mesh 


Totals and averages. . 


Original sample. 


On 30 mesh 

Through 30 on 40 mesh 

“ 40 on 60 “ . 

“ 60 on 80 “ . 

“ 80 on 100 “ . 

100 mesh 


Totals and averages. . 


0.80 0 02 
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feed, according to the method of computation ; in the heads the same size contains 
90.18 or 86.94% of all the gold in the heads; and in the tailings this size contains 
71.97% of all the gold going to waste. The suggestion is that if this fine product 
in the tailings was separated and treated on canvas tables, followed by a steep 
end-shake vanner, as in Mill 78, a good addition to the yield might be made, 
especially as the sulphurets are high grade (the concentrates carry $110 value 
per ton) and the tailings carry about 40% of the value fed to the vanner. Since 
the author’s visit, however, a cyanide leaching plant has been installed to treat 
the tailings, and is probably covering the same ground in another way. 

The figures from Mill 55 (Table 319) show 44.68% of the tailings silver and 
26.35% of the tailings gold to be in a product finer than 200-mesh. Consider- 
ing the large loss in tailings and the high value of the concentrates (about $80.00 
per ton), it was decided to treat the tailings in a canvas plant like Mill 78, and 
this treatment has resulted in a considerably increased saving. 

Another method of vanner testing, closely allied to the above, is discussed in 
§490. 


TABLE 319. — SIZING OF VANNER FEED AND PRODUCTS IN MILL 55. FED FROM 
SINGLE DISCHARGE STAMPS WITH 14-MESH SCREENS. 



Size of Grains. 

Percentage 
of Each 
Size. 

Values per Ton. 

Percentage of Total 
Values. 

Gold at 
$20.67 an 
Ounce. 

1 

Silver. 

Ounces. 

Gold. 

Silver. 

Battery pulp. . ■ 

On 30 mesh 

Through 30 on 60 mesh 

“ 60 on 130 “■ 

“ 120on2(K) “ 

200 mesh 

10.88 

28.62 

14.61 

15.49 

80.50 

$8.51 

6.61 

7.03 

7.86 

4.96 

9.23 

8.78 

10.96 

13.82 

16.46 

6.34 

81.29 

17.06 

20.21 

25.11 

8.18 

20.41 

13.06 

17.45 

40.91 

Totals and averages 

100.00 

$6.02 

12.30 

100.00 

100.00 

Concentrates. . - 

On 80 mesh 

Through 30 on 60 mesh 

“ 00 on 120 “ 

“ 120 on 200 

“ 200 me.sh 

4 95 
i 16.25 

17.62 

22 00 
39.18 

$75.65 

111 62 
60.56 
47.54 
31.63 

31.70 

39.30 

39.40 

45.40 
66.10 

6.76 

32 74 
19.28 
18.87 
22.35 

3.09 

12.57 

18.67 

19.67 
61.00 

Totals and averages 

100.00 

$55.40 

60.78 

100 00 

100.00 

Tailings ■ 

On 30 mesh 

Through 30 on 60 mesh 

60 on 120 “ 

“ 120 on 200 “ 

“ 200 mesh 

11.02 

28.00 

14.70 

11. bO 

31 68 

$2.69 

2 07 

1 24 

1 24 
1.24 

6.47 

5 70 

4.74 

5.14 

8.39 

18.16 

35 51 
11.17 
8.81 

26 35 

10.95 

24.51 

10.70 

9.16 

44.68 

Totals and averages 

100.00 

$1 63 

C 51 

100.00 

100.00 


THE PRINCIPLE OF VANNER SEPARATION. 

§ 490. It is well known to mill men that vanner tailings carry away a portion 
of the finest grains of the heavy mineral, and it is often stated that this loss 
consists of only a few accidental particles. The author believes, however, that 
when ore carrying grains ranging from a diameter of 0.75 mm. down to the 
finest slimes is treated without previous classification, a considerable percentage 
of the finest particles of heavy mineral must go into the tailings; and, just as in 
free settling and hindered settling, finer grains of heavy mineral are balanced 
with coarser grains of quartz, according to definite ratios (sec Tables 261 and 
307), so with any given set of adjustments of a vanner, there will probably be a 
definite ratio between the maximum diamettTs of quartz and of heavy mineral in 
the tailings. This ratio will be called the agUation ratio. To substantiate his opin- 
ion, the author has only to point to Mill 78, which treats tailings from the well- 
run vanners of Mill 71 by means of a hydraulic classifier and canvas tables. The 
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spigot product from the classifier carries all the coarser sizes of quartz with prac- 
tically no pyrite. The overflow goes to canvas tables followed by a specially ad- 
justed finishing vanner, and yields a final product amounting to about 1,000 
pounds of clean pyrite per day, while the vanners of Mill 71 yield about 2| toub 
of clean pyrite per day. That is, more than 15% of the pyrite fed to the vanners 
of Mill 71 is too fine to be saved with the coarser portion. This is not a criticism 
of Mill 71, but simply shows a scientific principle. The vanners in this mill 
probably save all they can, and then Mill 78 completes the work. 

As a preliminary determination of the agitation ratio, the author made sizing 
tests of the classifier spigot product, and of the final concentrates from Mill 78, 
showing the sizes of quartz and of pyrite in the vanner tailings of Mill 71 ; and 
the results are given both in Table 320 and on the cumulative plot Fig. 390. 



100 


10 


tA 

GO d 



20 

10 

0 


PIG. 390. — PLOT OP SIZING TESTS (tARLE 320) TO DETERMINE AN 
AGITATION RATIO FOR VANNERS. 


The notes in the table show that tlic three coarsest sizes of ilu' concent rates 
contained a very httle quartz, and |)yrit(‘ only in ci'iiKUited grains, and that the 
free pyrite in the next four sizes was respi'ctively 0.1%, 0.1%; 0.1%; and l.S%- 
of all the concentrates. The remaining sizes were all free pyrite. '• As W(‘ an* 
CQpcemed only with the free pyrite in this product, the few stray quartz and la- 
mented pyrite grains were disregarded in plotting. For jilotting tin* ipiartz 
curve, on the other hand, the figures in tlie table ri'quire no rnodiiicat ion. Ih*- 
ferring to Fig. 390, it will be noticed in tlu* case of both (jiiartz and pyrite that a 
line drawn through the points re])resenting the lew coarsest grains lia*^ a v(‘rv 
different direction from the rest of the curve; in fact, there is apparently a sig- 
nificant point on each curve {a and h). The few grains coarser than a nndli 
are insignificant in quantity and may be disregarded. Practically, then, the 


♦ The method of very fine sizing: descri])e(l in § HU 
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TABLE 320. — SIZING TESTS FROM MILL 78, TO DETERMINE AN AGITATION RATIO 

FOR VANNERS. 


spigot Product from 1 
Classifier, (a) | 

Concentrates from the Finishing Vanner that Follows the Canvas Tables. 

Size in 
Millimeters. 

Percent. 

Size in 
Millimeters. 

Percent. 

Appearance under a Microscope. 

0.980-0.762 
0.763-0.566 
0.566-0 427 
0.427-0.371 
O.S71-0.270 
0.270-0.159 

0.159-0.119 

0.119-0.074 

0.074-0.069 

0.069-0.047 

0.047-0.034 
0.034-0.025 
0.025-0.019 
0.013-0.012 
Fines 

0.02 

0.1 

0.6 

6.4 

17.0 

37.7 

12.8 

15.9 

2.7 

1.3 

2.6 

1.3 

0.4 

0.1 

0.2 










0 427-0.371 
0.871-0.270 
0.270-0.159 

0.159-0.119 

0.119-0.074 

0.074-0.069 

0.069-0.037 

0.037-0.026 
0.02G-0.020 
0.020-0.015 
0.015-0.010 
Fines 

0.3 

0.4 

0.9 

1.1 ] 
0.4 

3.7 -j 

8.6 

13.4 

20.1 

26.6 

20.9 

Lumps of fine pyrite cemented together by oxidation. 

Same as above, with a few grains of quartz. 

Same as above, with more grains of quartz. 

Mostly pyrite and quartz cemented together. Free pyrite 
estimated at 0.1^ of whole sample. 

About three-fourths quartz. Rest mostly cemented lumps of 
pyrite. Free pyrite estimated at O.ljC of whole sample. 

About the same as the preceding. 

About half quartz. Some cemented lumps of pyrite. Free 
pyrite estimated at 1.8^. 

■ Pretty clean pyrite. 


(a) All sizes of the spigot product, except the last, are practically clean quartz. 


maxim-urn size of quartz (a) is 0.427 mm., and pyrite (b) is 0.040 mm., giving 
an agitation ratio (-—) of 10.7. This ratio will be much affected by the way 
the vanners are run, and will probably be a maximum only when the pulp bed is 
thin (not more than 0.2 inch thick) and all the adjustments are made to the 
best advantage. A thick bed will send coarse pyrite into the tailings and so re- 
duce the ratio. The average depth found in Mill 71 was 0.16 inch, so that the 
ratio 10.7 was obtained under favorable conditions. The determination of the 
ratio in any mill is a good test as to whether or not the vanners are well run. 

B. — Bumping and Jerking Tables. 

These machines use mechanical agitation to bring the heavy grains and the 
light grains into their respective layers on a washing surface; and they use a 
bumping or jerking action to convey the heavy grains to one side or end of the 
machine, while the current of surface water conveys the light grains to another 
side or end. 

Bumping and jerking tables are divided into two classes: 

I. Side-bump, which have the bump or jerk at right angles to the flow of the 
water ; 

II. End-bump, which have the bump or jerk in the opposite direction from 
the flow of the water. 

The side-bump tables may bo sub-dividcd into (a) those having plane surfaces 
and (&) those having ri tiled surfaces. 

\a. — SIDE-HUMP TABLES WITH PLANE SURFACES. 

§ 491. The Hj'itinuer 1\\rle was the tirsi of this class, ll uses a cam, spring 
and bumping ])osi to (‘onvoy the heavy laycn* of ('()nc('rit rales 1o one side: and a 
film of wal(T (lowing at ri^lit angles lo tlu* direclion of the bump to convi^y the 
light layer of wasi(' down the slope to the ])roper place. The lal)l(‘ is 8 f(‘(‘i long 
by 4 feet wide, and is generally mounted in ])airs, with a dividing fiarliiion. It 
is suspended upon four rods, and the slope is regidai('-d either by chains at the 
uppiT ends of these* rods, winding upon drums, or by elevating nuts. The slope 
recommended by Itittinger varies from 6° for the coarsest to 3"^ for the finest 
slimes. 
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The feed pulp^ which must be a classified product^ is distributed upon one 
corner of the head of the table, over a width of 8 to 12 inches, and the agitation 
immediately separates the heavy and light minerals into layers. The bumping 
action is produced by a cam, which pushes the table toward one side, a spring 
which forces it back, and a bumping post, which stops it suddenly on its return. 
This action causes the ore particles to move across the table by jerks, while the 
wash water, which is fed over the remainder of the head, causes them at the 
same time to move down the slope, the light ones more rapidly than the heavy. 
The combination of these two actions yields the mineral particles spread out like 
a fan, with the heaviest mineral pushed farthest across the table, the middle 
weight mineral next, and the lightest least. By properly placing dividing fingers 
at the foot of the table, each of these products may be guided into its own 
box. Endwise motion of the table is prevented by guides. 

The action of the table is seriously interfered with by the bank of quartz 
sand which turns the current of wash water so that the film is not of the same 
thickness all over the table, as the theory seems to demand that it should be. 
Instead, it is harmfully concentrated into a stream of considerable cutting power 
along the line where the best separation should take place. This cutting stream 
impairs the action of the machine and prevents it from making as clean tailings 
as one would expect. Improved results (both qualitative and quantitative) have 
been obtained by applying the wash water from a diagonal spray pipe instead of 
from a box at the head.^^ 

For the coarsest slime a wooden table makes 120 bumps a minute; for finer 
material 150, and for the finest 180 to 240. The length of throw is from 1| inches 
for the coarsest, down to | or f inch for the finest. The capacity varies from 
155 pounds (dry weight) of coarser to 55 pounds of fine slimes per hour, the 
corresponding amount of water with the pulp varying from 1.(5 gallons to 0.8 
or 0.9 gallon a minute, and the amount of wash water from 5.28 to 3.17 gallons 
a minute.® 

Various materials have been used for the table surface — wood, iron, zinc, glass, 
marble, slate, cement and rubber. With wood, some care has to be us(‘d to k('op 
the surface smooth, but on the whole this has been found the most satisfactory, 
though a covering of rubber has in some cases hetm found an improvement. 
It should be noted that, unless the rubber is fairly thick, it is hard to ke(‘p 
smooth. Marble and glass are very liable to bnukage*, especially the I’ornuT. 
In one case marble was found inftTior to iron, b(‘eause tlic* surface* was too 
smooth.^® Iron makes the table very heavy, and so in(T(‘as('s ilu* f)ow(‘r us(‘d. 

At Bleiberg, Belgium, ““ on Eittinger tables treating a galena-hh'ufh* on\ ihe 
tailings contained about 2% of lead, while the bl(‘nd(‘ producl was wholly fr(‘(‘ 
from lead. It was found that this galena was in extrc^mely thin scales, which 
floated and were carried off by the water. By laying a straight, thin ('l(*at from 
the feed side to the galena discharge, the diiliculty was ovcirconu*. In cas(‘ one 
such cleat was not enough, a second was placed lowi^r down on tin* talile. This 
same device was introduced at Stcinenbruck and at W(‘lk(‘nra(‘(lt. 

The shock due to the bump of the table is iransimtti'd to tlu* mill frame; and 
at Dam, Belgium, in order to prevent this, two tables were arranged to strike* 
simultaneously against opposite sides of a humping ])ost plac(‘d Ix'twei'ii tln'in.-' 

Kavdn found that equally good work could be done with a tahh* oiilv 5 
long as with the usual length of 8 feet. The lightness of his tabh*, which has a 
wooden surface, permits a more rapid shake, which increases tlie cajiacity, and 
decreases the necessary amount of water. 

Parsons, at Mill 25, drives two double tables from one shaft, by using a double 
screw-threaded cylindrical cam, which forces the two double’ tabl(‘s apart from 
each other, while opposing springs force the tabl(*s to come back and striki* (‘ach 
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other. Thus the bumping post is done away with, and with it nearly all the con- 
sequent shock to the mill frame. The dimensions, slope and shakes of Parsons^ 
machines are shown in Table 322. Their surfaces are of wood, covered with en- 
amelled duck. The feed apron for the pulp is lOJ inchesi wide. The wash 
water comes from two -J-inch cocks and a third is provided, but not used. Each 
double No. 1 table treats 5 tons of pulp (dry weight) in 24 hours, and there are 
24 of them to treat the spigot products of the No. 5 surface current classifier. 
A double table uses 1,200 gallons of wash water in 24 hours. Assays of products 
are as follows: Feed to No. 1 table contains 9.46% lead; tailings of No. 1 table 
contain 1.89% lead; feed to No. 2 table contains 6.23% lead; tailings of No. 2 
table contain 1.74% lead. 

The Wilfley table (§493) is occasionally used with a smooth surface; but 
since its chief use is with riffles, it is described later, under that head. 

§ 492. The Stein, Corning, Bilhaez and Luiirig Tables. — These ta- 
bles resemble each other so much that they will be described together. They all 
have endless traveling belts, horizontal in length, but sloping in width, carried 
on shaking frames, with fixed frames to carry the driving mechanism. The Bil- 
harz (Fig. 391) has an iron fixed frame set on wooden sills, carrying a shaft, a 
pulley and a three-armed cam at one end, while at the other there is a spring 



FIG. 391. ^BILIIARZ TABLE. 


and bumping post. The cam draws the table toward it, and at the release the 
spring pulls it back against the bumping post. The travel of the belt is cither 
intcrmitlcnt, given by ratcliet and pawl, or continuous by a vertical 
belt working on a grooved pulley on the roller at the head end. The shaking 
frame is suspended by four rods from four arms upon a rocker shaft. By tilting 
this shaft the table may be given any desired slope. The belt, which is 0.75 meter 
(2 feet 6 inches) wide, is stretched between two end rollers 2.5 meters (8 feet 
2 inches) from center to center. The upper part of the b(‘lt is siipporl(‘d, in the 
Stein and Bilharz tables, by a plane wooden surface with diagonal grooves which 
arc supplied with water for lubrication. The Luhrig table supports the belt by 
twelve little rollers 190 mm. apart. The Corning also uses rollers. The return 
part is carried by the three large rollers. Luhrig uses a flange* on the upper (‘dge 
of the belt, which permits feeding closer to the edge, and so extends the working 
surface 0.2 m. in width. The belts have little blocks on their edges, which drop 
into little* sockets on the driving roller and serve for draught and guiding. 

It will be noticed that, while on the Rittinger table the gr(*ate*st dimension is 
at right angles to the bump, the greatest dimension of these tables is in the same 
direction as the bump. This permits the minerals to s])read out in a more per- 
fect fan shape, and so prevents the banking of the sand and the cutting action 
of the water. 
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These tables should be fed with sorted products from classifiers, and when so 
fed they do clean work, not only in two mineral separation, but also in three or 
four mineral separation. The pulp is fed upon the upper rear corner of the 
belt, and the agitation separates the different minerals into layers. Wash water 
is applied from spray pipes. The travel of the belt, assisted somewhat by the 
bump of the table, carries the ore forward; while the water flowing down the slope 
transversely, washes the light minerals rapidly toward the lower edge, the heavy 
minerals more slowly. Better results are obtained when the wash water is applied 
from a diagonal spray pipe keeping near the upper edge of the ore than when 
it is applied along the upper edge of the belt. The products are received in a 
launder with four compartments each having a spigot for continuous discharge. 

The following figures on adjustments are quoted : 


Belt Travel per Minute. 

Vibrations per 
Minute. 

Length of 
Throw. 

Stein, 4.2 to 4.8 m (18 feet 9 inches to 15 feet 9 inches) 

Bilharz, 4.2 m. (18 feet 9 inches) 

Luhrig, 8.8 m. (10 feet 10 inches) 

ISO to 180 

150 

200 


15 to 27 mm. 

■ (0.0 to 1.1 in.) 


The slope is about 5® for the coarser products, this slope being regulated by the 
appearance of the products. The capacity for the ordinary size of table appears 
to be about 3 tons in 24 hours.^^^-^^®^ Tables of this capacity at Freiberg use 
14 liters (3.7 gallons) of water per minute in the feed, 52 liters (13.7 gallons) 
for washing and blow-off jets, and 8 liters (2.1 gallons) for lubrication under the 
belt. At Diepenlinchen, Prussia,* a Luhrig table 3 feet 4 inches by 11 feet 6 
inches (which is considerably larger than the size given above) works a galena 
blende ore at the rate of 9.6 to 13.2 tons of slimes in 24 hours, but the amount 
of work needed to re-treat the middlings is not stated. Following arc the as- 
says of the products : 



Lead. 

Zinc. 

Lead product 

20-25 


Lead-zinc middlings 

Zinc product 

20% 

25 

m 2 

Tailings 

Trace. 


At Eamsbeck a Luhrig machine, treating a rich middle product, yielded the 
following results:®^ 



Lead. 

Zinc 

Feed ore 

29 

75 98 

29 90 

9.87 

12.35 

Not stated. 

27 0ti% 
4.77 

29 f>8 

39. h() 

80.00 

Not stated. 

Lead product 

Lead-zmc middlings 

Zinc product 

Zinc-quartz middlings 

Quartz tailings 



16. — SIDE-JERK TABLES WITH RIFFLED SIM.*FV(’ES. 

§ 493. The Wilfley Table separates the lieavy and llu^ or.wui. into lay- 
ers by agitation, and then, by the jerking action, throws Iheni toward Hk* licad 
end, while at the same time the lighter grains are wadied down Ihe slojx' Iowa id 
the tail side by the surface water, which flows a1 right angles to the diri'eiion ot‘ 
the jerk. The table is furnished with longitudinal riillis or groo\(‘>,; and llu‘ 
concentrates settle in the riffles and «are thus forced nion^ diivetly toward the 
head, while the gangue rolls over the cleats and down to tlu' tad side. 

Private communication troni John W Meier 
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The main frame (see Figs. 392a and 392&) consists of two heavy longitudinal 
timbers, 1 and 2 ^ with four cross timbers, 5 . Two of the latter are made heavy 
to support the shaking mechanism, and two are light. The frame is held to- 



FIG. 392a. — ^WILFLEY TABLE. 



FIG. 3926. — MAIN FRAME OF WILFLEY TABLE. 



FIG. 392c. ^WILFLEY TABLE TOP. 



MG. o\)2d. VVLLFLEY FEED AND VVAhll WATLlt TROUGH. 


gethor by tie bolts, 4* Upon the main frame are throe cross limbers or table-rests, 
6, 7 and 8, whieli are sch^wcmI to the tail sid(‘ of llio main [‘I'anie by lag screws that 
have a little play, and rest at tlu* feed side upon wedges, 52, by wliieh they can 
be raised and lowered between guides, ^9. 
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These wedges are all connected, by a tie bolt, with a rack 58, pinion 5J^, and 
lever 55, so that they can be moved simultaneously and equally. Upon each of 
the table-rests are screwed two supports carrying chilled iron rollers 53, and upon 
the six rollers so placed the table executes its endwise jerking motion. Hard 



steol plates are screwed upon the 
under side of the table to take 
the wear of the rollers. Side mo- 
tion of the table is prevented at 
one end by connection to the driv- 
ing mechanism, which is firmly 
bolted to the main frame, and at 
the other end by the guide 50, 
which engages with a projection 
on the under side of the table. 
The table is made of wood covered 
with linoleum, and has a rim 
along the feed or upper side 6G 
(Fig. 392c), and across the back 
end 67. It has no rim upon the 
lower or tail side 68, nor upon 
the head end 69. The table is IG 
feet long, 7 feet wide at tlie back 
end and 4 feet wide at Ihe head 
end, and ill? corners at each end 
of 68 are right angles. The lino- 
leum is tacked directly upon ihe 
wood, using tacks only around the 


FIG. 392c. — ^DRIVING MECHANISM OF wiL- niargin ; ana a ser oj longiLudinai 
FLBY TABLE, rilTle deals ot wood, 70, is tacked 

upon this plane surface. Fig. 
392c shows 46 cleats inch wide, with J-inch spaces or rilTlea btdween them. The 
upper cleat is 4 feet long and the lower one nearly IG feet long. At tlu' bac'k 
^d they are about i inch high and taper down to nothing toward the IunkI vm\. 
They all start at about 3 inches from the back rim; and their head (‘nds lie in 
a straight diagonal line, dividing tho surface into two parts — ilu* rilllc or con- 
centrating pl.ane, and the cleaning plane, on wliich Ihcrc are no ridles The 
deeper the riffles the greater their power to retain heavy grains, and on I’liis ac- 
count the lower riffle cleats are often made higher than'tlK' upper and tho-e li ■- 
tween are graded front one to the other. The taper of tli ■ riffles causes a 
separation of quartz from the heavy mineral, which favors clean work 'hnt tin- 
concentrates must not be forced to climb too step a grade in consc.ineiu’e of this 

+ Z’ * rid'usc to move forward 'I'lie 

table has a very slight rise from the back end to the head <>nd (1 im-li in Hi 

"v "P file 

° m,,* . ^ prevents the formation of any bank at lliat end. 

the table is driven by the mocliani.sm shown in Tig. :i!)2c As the crink /'T 

nT with it the pin, 5- rises and falls. The movahle 

and r"eMns of the logirles 

c ' a and 3Sb, so that, as the pitman rises, 3^ is moved to ihe h'fi • -nul iln-i 

/I"* ‘»w« through 'ihS ,0k. , I,'. ,, I ;, is s, 

and the slotted keeper J,2, the latter being bolted to ihe back end of the iahle 
This movement compresses the spring 26, and when the pitman falls ihe ^prinff 
returns the table. Since the spring does not affect the character of the move? 
ment, it should be set only tight enough to prevent rattling; any further tight- 


-DRIVING MECIIAN-ISM OP WIL- 
FLBY TABLE. 
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ening simply consumes power to no purpose. The slot in the keeper permits 
the slope of the table to be varied, while its connection with the power is main- 
tained. The table receives an accelerated motion to the right when the pitman 
descends, and a retarded motion to the left when the pitman rises ; and this action 
carries the ore particles from left to right; that is, from the back end toward the 
head end of the table. The ideal jerking motion would be uniformly accelerated 
during the forward movement and uniformly retarded during the return. This 
mechanism closely approximates the ideal, for if the crank circle be divided into 
twenty-four equal parts, the amount of motion for equal times, when running at 
240 revolutions per minute, and with a f -inch stroke, will be : 


Movement 
of Crank. 



Movement 
of Table. 
Inches. 


0.000 forward. 


Movement 
of Crank. 


Movement 
of Table. . 
Inches. 


0.035 backward. 


HIS 


The diagram of this stroke, together with a longer and a shorter one^ is shown 
in Fig. 393, The manufac- j- 
iurers recommend that, for or- 
dinary work, the stroke should 
bo I inch, that it should never 
be more than 1 inch nor less 
than g inch, and that the speed ^ . 
should be 240 strokes per min- | 
ute. The length of stroke is in- g 
creased by raising the adjust- -g ' 
mont block J/O (Fig. 392e). | 

The stroke becomes sharp t or § • 

more vigorous as its length is g 

incr(‘ased, if the number of g . 

strokes per minute' remains «■ 

constant ; and if any change is 
made the block 40 must b'^ *5 ' 

movt'd only a little at a lime, g 

for a slight cluing(‘ at this g 

point mak(‘s a (iidercaice in the | 

work of tlu‘ ial)l(\ S 

The feed [lox for pulp and 
wash wat(‘r (s(‘(‘ Fig. 392 J) 

oxttmds along llu* whole upper 
side, dd, of th<‘ lahh*, being 

supfiorted atiout 1 iiudi above « 

th(‘ table by braekets 4<^ 

:ma) b<.Ho(J to il.O Inblc-IThts. f of STKOKF DTAORAMS 

The pulp iK (lolivCHHl to this (oONSTRirCTlOl) M ATM FMATICALLY) FOR 

box nc'ar (he tiack end, and the wilfi.ey table. 

spaee over which the pulp passes to the table is controlled by a partition which 
can be set at anv desired distance from the end. The wash water enters between 


m 
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two partitions with adjustable gates 71. These gates serve to regulate the 
quantity of clean wash water passing to the different parts of the table. The 
pulp and wash water pass to the table through holes in the back of the feed box, 
near the bottom, spaced about inches between centers. In trial runs at the 
Butte Keduction Works^^ it was found that the stationary feed box did not 
discharge the ore well ; but when it was given a shaking motion by fastening it 
to the table, the discharge was satisfactory. It was also found better to displace 
the wooden water distributor by a l|-inch iron pipe, perforated on its upper side 
with f-inch holes, spaced inches between the centers. This pipe is supported, 
in a stationary position, by the brackets 1^8. 

The lip, 60 (Fig. 392u), over which the tailings discharge, lacks about 16 
inches of extending to the head end of the table, and along this 16-inch space 
the middlings discharge into a special launder. If desired, they run back to the 
little sand wheel 11, and are returned to the feed box, but they will generally 
be sent to other machines. The concentrates are discharged at the head end, 69 
(Fig. 392c). 

^ The table may be fed with classified products, and with such a feed it is a 
high grade three mineral concentrator. It may also be fed with whole stamp 
pulp or similar material when only two minerals are to he separated, and thus 
enters the field of vanners. While it does very good work on such unclassified 
pulp, the manufacturers recommend that the extremely fine material be sepa- 
rated and treated by itself. The maximum size of the feed depends on the char- 
acter of the ore. As coarse as 4-mesh (about 4 mm.) is said to have boon suc- 
cessfully concentrated, and also ore that would all pass through a 2()0-ni(‘sh 
(about 0.06 mm.) screen.* The latter was settled in a large classifier and drawn 
from that to the table. Roughly speaking, most of the ores treated are between 
16 and 30 mesh (about 1.0 and 0.5 mm.). 

^ The capacity of the table depends on the size of the ore particles, their spe- 
cific gravities and the percentage of concentrates. For an easily concoul-rated 
coarse ore (say 8 mesh, that is about 2 mm.), it may be 25 to 35 tons in 24 
hours; for ordinary stamp mill pulp it is perhaps 15 to 25 tons; but for very 
fine material it is much less. 


The following results were obtained in the course of regular work by fho Sum- 
mit Mining and Smelting Co., Summit County, Colorado, on a Cjuartz-pyrite ore 
assaying 0.07 ounce gold and 11.2 ounces silver per ton. In 23 hours and 15 min- 
utes 64,000 pounds (32 tons) of ore, which bad been criisli(‘d by rolls to pass 
through an 8-mesh screen, were treated on a single table, yielding about 28 tons 
of tailings, which were re-ground to pass through a 3()-niesh scn'cm and W(‘rc 
treated in the same time on two other tables. The total amount of com ent ra((‘s 
was 12,552 pounds, assaying 0.34 ounce gold and 53.7 oiimvs sdver ])(>r (on, 
36% iron, 8% zinc, 3% lead, and 4.2% silica. AlMuit of tlu' oonccnl ra((- 
were obtained from the first table. The final tailings carried a (race of .n.h] ;,nd 
0.8 ounce of silver per ton. Thus 95% of the gold and 91% of (h.‘ Mher m (ho 
ore were concentrated into a clean product, weighing about 20% of the ori^n- 
nal ore. 


At the Butte Reduction Works, a test was mad(‘ on 1,085 pounds of 3-mm. jig 
tailings, assaying 1.2 ounces silver ])er ton, 1.3%, copper and 8*: silm-r 

after grinding to pass through a 2()-mcsh screen. The comvni rat<- weighed 8() 
pounds, assaying 8.4 ounces silver per ton, 8% copper and IC. 1% silica * (he (ail- 
assayed 0.6 ounce silver nnd 0..5% copper. The enueenIrMies 
52% of the silver and 45% of the copper in the feed. When the tabh's had licen 
put in regular running order they treated 30 to 40 tons in 24 hours, and in a 


* Private communication from the manufacturers 
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little over three months there were obtained from this formerly waste product, 
436 tons of concentrates with an average assay of 7.1fo copper and 8.1 ounces 
silver per ton. 

At the Parrot Mill, Butte, Mont., a number of tests were made to determine 
the best length of stroke and number of strokes per minute for re-ground jig 
middlings that had passed through a box classifier and were of about 20-mesh 
size. The results are shown in Table 321. In regular work, twenty tons of this 


TABLE 321. — ^TESTS OF A WILFLEY TABLE AT THE PARROT HILL, BUTTE, MOInTTAHA. 


Feed. 

Concentrates. 

Tailings. 

Percent of Total 
Original Value 
Obtained in the 
Concentrates. 

Strokes 

jper 

Minute. 

Length 

Stroke. 

Inches. 

Pounds. 

H 

ll 

PhO 

ill 

oS® 

Pounds. 

Percent 

Copper. 

Ounces 
Silver 
per Ton. 

Percent 

Silica. 

Pounds. 

Percent 

Copper. 

ill 

Copper. 

Silver. 

16,369 

4.6 

6.1 

4,677 

13.1 

16 

18.8 

11,692 

1.2 

1.8 

81 

75 

240 


10,593 

4.5 

5.5 

3,010 

14.2 

17 

20.8 

7,683 

0.65 

0.8 

90 

88 

240 


7,659 

4.5 

5.6 

2,260 

13.1 

16 

24.2 

5,399 

0.9 

1.1 

86 

84 

240 


7,823 

4.5 

6.0 

2,190 

18.5 

16 

26.0 

6,183 

0.66 

0.8 

90 

80 

260 


6,947 

4.6 

5.1 

2,057 

13.8 

16 

24.8 

4,890 

0.78 

0.9 

89 

87 

258 


7,023 

4.8 

6.0 

1,883 

15.9 

19 

19.0 

6,190 

0.88 

1.1 

86 

83 

269 

H 


material were treated in 24 hours, yielding 1.8 tons of concentrates; but the 
author has not the corresponding assays. 

§ 494. The success of the Wilfiey table has led to the design of several others 
which in their general features are like the Wilfiey, but differ in details. Those 
that have been put on the market are described m the following pages: 

The Dodd Table, which has recently been put upon the market, is nearly 



the same as the Wilfloy. One of ibo chief diffcrcncos is in tho fact that the thick 
ends of tho ritHc cleats arc in a diagonal lino parallel to tho line* of tho thin ends. 
A diagonal cloat is tackod on, which ends up tho dei'p onds of tho ridles. The 
claim is that this device forces tho water to How down with tho ore, and so enables 
tho table to do its work with less water. 

The TTallett Table (Fig. 391) has tlio tops of tho riffles in tlio same plane as 
the cleaning piano. This is accomplished either hy cutting the riffios as depres- 
sions in a plane board surface, or by making tho table of two planes with a slight 
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angle between them^ sucb that the tapered rifB.es tacked upon the one will bring 
the concentrating and cleaning planes into one plane. 

The rifSes, instead of being parallel to the tail side of the table, incline to- 
ward the wash-water side as they become shallower, and thus carry the heads and 
middlings farther away from the tailings discharge. ^ The middlings are dis- 
charged from the head end instead of from the tail side ; and the launders for 
catching the different products can be adjusted by sliding them along their sup- 
porting rod. The pulp distributor is attached to and shakes with the table, 
while the wash water is applied from a stationary spray pipe. The table is sup- 
ported at each corner on a steel rod or toggle 24 inches long, the^ lower end of 
which rests in a cup. By screwing these cups up or down in their holders the 
slope of the table may be varied lengthwise as well as sidewise. The table is gen- 
erally set with a gentle downward slope toward the heads discharge. 

In making a three mineral separation (galena, blende and quartz) Ilallett, in 
Mill 49, first crushes all the ore in a Chili mill to pass through a GO-mesh screen ; 
and then sends it to a hydraulic classifier with three spigots, followed by a box 
classifier (spitzlcasten) with six spigots. He has no difficulty in separating 
galena, pyrite, blende and quartz, making a separate product of each. In sepa- 
rating galena, blende and quartz he obtained the following results: 



Lead. 

Zinc. 

Ore fed 

m 

70 

25% 

2-^i 

Lead product 

Zinc product 

0.9 

40 



In treating this ore the adjustments are varied to suit the different slime 
sorts. The slope toward the head end varies from 1 inch to 2-J inches in IG [c*(d ; 
while the side slope varies from almost nothing to 1 inch in 7 feci. num- 

ber of throws varies from 150 to 300 per minute, and the length of slrok(‘ from 
J inch to IJ inches. The coarsest ore requires slowest spec'd, long(‘st stroke, 
least end slope, and greatest side slope. The total water used on oadi table is 
from 5 to 7 gallons per minute. The capacity of the Ilallett table in IMill 19 
on the 60-mesh stuff is 9 tons in 24 hours. Ilallett estimates that on coarscT 
stuff (20 or 30-mesh) it can treat at least 14 tons in 24 hours. 

The Woodbury Table is supported by and vibrates upon toggle rods, similarly 
to the Hallett. To adjust the slope, the main frame is raised or lowered by 
means of jack screws. The table is the same width at the liead end as at Ibe 
back end. The riffles are parallel to the tailings side of the table, and are graded 
slightly in length, but the upper one is nearly as long as the lower. Then* is a 
short cleaning plane beyond their ends. The wash water is appli(‘d liy a ‘■pray 
pipe. The driving mechanism consists of a specially designed cam, which g!V('s 
the desired jerking motion and has an adjustable throw. 

At Mill 72, these tables have recently replaced Woodbury vanners to ircal 
gravity stamp pulp at the rate of 15 tons per table in 21 hours, after il has fia^sed 
over amalgamated plates. The ore carries about U% of [lyrih*, and each iabh* 
makes 500 pounds of concentrates per day, assaying $05. 00 pc^r ion, and the tail- 
ings assay $0.38 per ton. 

The Cammett Table (Figs. 395^^ and 3955) is mounted upon a Mili-tanlial 
frame A, hinged at one end B to the foundation timbers, iho other (md bcung 
supported on jack screws, which serve to vary the longitudinal slope. TIk* trans"^ 
verse slope is adjusted by means of cams, which are keyed to a continuous longi- 
tudinal shaft, upon which boar the babbitted slide hearings fastimed to tlu^ iimhT 
side of the table top 0. A similar shaft fixed on the opposite side of the 
franie A, serves as a support on that side for the table top. There are but four 
bearings for the entire table top, all maintained in accurate alignment by tlie con- 
struction employed. 
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The working surface C of the table is the same width at the head end as at 
the hack ond, and is made of redwood and coated with a special paint, which 
leaves a surface similar to slate. The riffles, continuous from the back end to the 
head end of the table, are cut out of solid wood, and not made by tacking on 
cleats. The depth of the riffles is greatest next to the back end of the table, and 



FIG. 395a. — OAMMETT TABLE. 


gradually diminishes to a certain point near the head end of the table, where it 
reaches its minimum; thence the same depth to the extreme head end where 
the concentrates are dischargd. 

The feed is distributed by means of the grooves in the edge of the feed-box 
D. The wash water is applied on the feed side from four independent sources 

EEE (the fourth is behind -D), and thence flows 
transversely across the table nearly at right 
angle to the longitudinal reciprocating motion. 

The driving mechanism gives a motion simi- 
lar to the Wilfley. It consists of a step pulley 
F, fly-wheel G, short crank [1, connecting rod 
long crank J, and short crank K, to which is 
bolted a sharp-edged piece L, which bears 
against an iron piece M, on the end of ttie table 
and transmits the motion. A spring beneath 
the table (not hliown) servos to keep the pieces 
L and M in contact and to ])rt'vent any backlash 



riG. 395/;. — DlilvrNG MIOCIIAN"- 
ISM TiLli: CAMVIETT 

TAliLl!]. 


in the mochani''m. dislance of tlv piece, 

Jj, from its shaft is adjiistabb*, thereby n^guJal- 
ing tlie amount of throw. Furtlun* adjii^l incnt 
in the amount and charach'r of tlu^ tlirow is ob- 


tained by the slol in the crank J. It will be seen that this iiK'chanism is the 
so-calh‘(l I'lank-ann mechanism described in § 409. The power required in 
averag(‘ praiduM' is from 0.25 to 0.33 horse power, as detTmined by actual test. 

At the Consol idat('d Stanley Mining (b.’s mill, Idaho Springs, Colorado, jig 
middlings, after being recrushed by gravity stamps and passed over amalga- 
mated plates, go to a hydraulic classifier, which sends the spigot product to one 
Cammett table and the overflow to a second. The feid to the first table (about 
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60 mesh.) assays 0.15 ounce gold and 2.4 ounces silver per ton; the concentrates 
1.3 ounces gold, 16 ounces silver and 6^ lead; with the tailings 0.05 ounce gold 
and 1.1 ounces silver. The feed to the second table (maximum about 100 mesh) 
assays 0.2 ounce gold and 3 ounces silver per ton; the concentrates 1.4 ounces 
gold and 18 ounces silver; with the tailings 0.07 ounce gold and 2 ounces silver. 

The Baetlett Table (Fig. 396a) differs from the others of the Willley typ-*, 
in having the washing surface divided into three shelves, each about 1 foot wide 



FIG. 396a. — BARTLETT TABLE. 


and 11 feet long. The tapering rifiSes are Y-shaped, and extend tlie whole length 
of the table. The working surface is made of either wood or iron. The tailings 
from the different points on the lower edge of the first shelf are conducted 
backward 2 to 4 feet by little sloping spouts, and delivered to the second shelf 
for re-treatment. The tailings of the second shelf are similarly conducted to 
the third shelf for final treatment. To prevent very fine sulphiirots being car- 
ried into the tailings, little or no wash water is used on the first sludf, more is 



BARTLETT TARLE. 397, 


i^ed on the second shelf, and most on the third. The main frame is of iron, and 
the table is carried upon this by means of stirrups and toggh^s v<‘rv imi(di lik(‘ 
t ose used on the Jijinl)n‘y vanner (see 55dS;>). Th(‘ stirnpis and toiii»l(‘s ar(^ 
adjustable up and down by means of the little hand-wheel nuts sliown at the tops 
ot the posts in Fig. 396a. This adjustment controls the sloiie of the table in all 
directions. 

The table is operated by a plain eccentric. The eccentric rod passes through a 
lug on the under side of the table (see Fig. 396^), and cairies, on its outer end, a 
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coiled steel spring, 6 inches long, 3f inches in diameter, made of |-inch steel, 
and adjusted by lock nuts on the eccentric rod. On the other side of the lug 
is a second coiled spring 12 inches long and 3f inches in diameter, made of 
J-inch steel and adjusted by lock nuts, on the eccentric rod. The reversal at the 
forward end of the stroke is controlled by the stiff spring, that at the back end 
by the weaker spring. This combination fulfils the demands of an excellent 
vanning motion. 

The Overstrom Table which has appeared in the year 1901 is the latest form 
of riffle table. Its shape is that of a geometrical rhomboid. The line of the riffie 
blocks and the direction of motion of the table are the same, and are nearly 
parallel to the shorter diagonal of the rhomboid. The designer has really re- 
arranged the Wilfley table so that nearly the whole surface is utilized and the 
idle corners that existed on the Wilfiey between the head end and the wash water 
side and between the back end and the tailings side are done away with. 

Comparisons. — In comparing the Wilfley table with its parent, the Rittinger, 
we find three differences: (1) the great lateral extension of the Wilfley; (2) 
the riffles; and (3) the vanning motion. The great lateral extension of the 
Wilfley table spreads out the minerals in wider bands than on the Rittinger, so 
that there is no undue thickening of the pulp bed along one line tending to harm- 
ful directing of the water ; it also permits a more exact division of the products. 
The riffles increase the capacity of the table, because they can catch and convey 
a large amount of concentrates; they also enable the table to make a two-min- 
eral separation with unclassified pulp almost as perfectly as with classified 
pulp, whereas on the Rittinger a perfect classification of the feed pulp is essen- 
tial to success. With unclassified pulp the riffles provide for the coarse grains of 
concentrates by guiding them out to the point where they join the band of clean 
concentrates ; and they provide for the finer grains by settling them in the riffle 
spaces, and then the coarse grains plough them along to the concentrates band. 
When more than two minerals are to be separated, however, the Wilfley requires 
the same care as the Rittinger in classifying the feed. While the vanning mo- 
tion of the Wilfley undoubtedly has a more favorable action on the separation of 
the minerals than the bumping motion of the Rittinger, by keeping the bed softer 
and more mobile, its chief advantage is that it does not strain and wear the ma- 
chine nearly so much. 

The smooth Wilfley, lately adopted in certain mills, has an advantage over the 
Rittinger, as already stated, in the great lateral extension and in the gentler 
vanning motion. It must, however, be fed with classified products. The ad- 
vantage the riffled Wilfley has over the smooth Wilfley may be thus stated : The 
behavior of an unclassified product fed upon a smooth Wilfley, which, for ex- 
ample, we will say is treating galena and quartz, is illustrated by Fig. 397. The 
feed coming on at f spreads in two lapping fans, fah of galena and fed of quartz 
The coarse galena is at h, the fine at a, the coarse quartz at d, the fine at c. One 
of two things can be done to prevent the large middlings product of mixi'd quartz 
and gahuui, Ixdween fraud fh: first, if the fin'd has passi'd through a classifier 
tlie ('oars(‘ galiuia hetwinui r and h lias bemi takim out lo he tri'atcnl elsi'wlK'n* and 
the Wilfh'Y niaki's clean prodiuds; si'cond, rillli's niav h(‘ ])iit on, which will forcu' 
the eoa rse galena at /Mip io c. or nearly so, and tlu' litile lhal fails to gf'l up is 
caught in the middlings and treated again, so that clean ])roducts are inadi' with 
a small middling product between them. The finest mud, containing hc'avy min- 
eral that is too fine to settle on a vibrating table, is carried down into the tailings 
at g. 

Tables with riffles have the advantage' that the weaker grains of concentrates 
which fail to he retaim'd in the up]K‘r riffle^, find in the lower riffles a place 
where the pulp is more loose and soft, so that they are relatively stronger than 
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their neighbors, and can therefore be retained and conveyed either into the heads 
or into the middlings. 

The tables wholly covered with riffles, as the Bartlett and Cammett, probably have 
the greatest capacity of all the tables upon ores with a large percentage of concen- 
trates and upon coarser products. The greater the depth of the riffles up to a point 
where other complications come in, the greater will be this capacity, and the 
coarser the grain that can be treated. The tables having a combination of riffles, 
or concentrating plane, with a smooth or cleaning plane beyond, as the Wilfley, 
Hallett and Woodbury, are more advantageous for treating products carrying 
a small amount of concentrates, for treating fines and for making a three-min- 
eral separation, because the separation can be more perfectly completed on 
the smooth surface (where the particles spread out in fan-like bands with clear 
lines of demarcation between the different minerals) than in the riffles. 

Of the tables having riffles followed by a smooth cleaning plane, those that 
have the riffles ending on a diagonal line, as the Wilfley and Hallett, have the 
advantage that the light grains of concentrates which failed to be caught in the 
upper riffles, but are caught lower down, are carried out and delivered on the 
cleaning plane more nearly in line with their would-be fellows than if the riffles 
were all of the same length. 

The tables which have the cleaning plane in the same plane with the tops of 
the riffle cleats, or concentrating plane, as the Hallett, have the advantage that 
the fan on the cleaning plane will open out much wider and therefore make the 
separation simpler and easier, particularly when it is a three-mineral separation. 

All the tables have the lateral slope adjustable, this adjustment being in con- 
stant use. Some also have a longitudinal slope adjustment, which would seem to 
be an important help for occasional use. 

The above combination of improvements, initiated by Wilfley in 1896, has 
given us the most efficient class of fine concentrators yet produced. The im- 
proved design is continually finding new applications — for certain products it 
has displaced end-bump tables, vanners, slime tables, fine jigs, and is even enter- 
ing the field of the medium jigs; and it has probably not yet prospected its whole 
field of usefulness. 


II. END-BUMP TABLES. 

§ 495. The Gilpin County Concentrator is a continuous working bumping 
table, with cam, spring and bumping post. The heavy and light minerals are 
pparated into layers by the agitation, and are propelled up the slopc^ of tlie 
table by the bumping action, but the wash water carries down th(‘ surface (iiiarl^: 
at a higher speed than the bump can send it up. 

The tables are generally mounted in pairs, each single table being 85 inclu's loiur 
and 18 inches wide. At Mill 77, single tables are used. Tlu^ low(‘r (IS inclu^s is a 
flat surface, sloping about ^ inch per foot, while the upper 17 inches ris(‘s by a 
concave cylindrical surface to a height of about inches above tlu* plane of Hie 
flat surface. About 3 inches at the upper edge is curved downward for lh(‘ dis- 
charge of the concentrates, the lower edge also Ixung curved down (o discliarne 
the tailings. A pair of tables is suspended from four cast iron posts by viadic^il 
rods which have knife-edge bearings. The slope is varied by means of bx-k nuts 
on the suspending rods. The posts are bolted to two longitudinal sills, wbic'h are 
four cross sills, three of which are placed at the lu'ad of the 
tables. In the center, at the head end, the bumping block is strongly bolt(‘d to the 
head sills Between the tables is a heavy bulTer rod, on (he tail end of wl.ieh is 
the tappet for the cam At the head end it is shod with iron to strike the hump- 
ing block. On the two tail posts is a shaft with a driving pulley and a two-armed 
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cam which pulls the table toward the tail ; at release a flat spring in front of the 
cam pushes the table toward the head end. The bumping block stops the motion 
suddenly, causing all particles on the table to slide up hill. Side motion of the 
table is prevented by the posts or by diagonal stay rods. The surface is made of 
cast iron, steel or copper plate. Cast iron is said to give the best catch, but is 
very heavy. With cast iron surface, the shaking part weighs 1,100 pounds, with 
copper 700 pounds, with steel 600 pounds. In Mill 77 an amalgamated copper 
surface is used, and serves to catch a small amount of gold. 

The ore is fed by a box distributor across the junction between the curved 
and flat parts. Wash water may or may not be used. When used, it is distributed 
across the table just below the top crest, so that a small amount of wash water 
will go over with the heads. 

The table receives from 120 to 180 shocks per minute. The length of the 
movement is 1-J inches to 3 inches, the length decreasing as the number increases. 
In Mill 77, a single table treats 5| tons in 24 hours, the tailings of three of these 
going to one table for re-treatment. The concentrates carry 10 to 12% of 
silica. The surface is amalgamated copper plate on wood, and yielded 1 ounce 
amalgam every two months. The copper lasts one to two years. The data from 
the mills is given in Table 322. 

These tables must be fed with whole pulp without any previous classification. 
On classified stuff they separate the minerals into layers all right, but the dis- 
charge of the heads is impeded, owing to their fineness, because there are no 
coarse grains of heavy mineral to drag up the fine ones ; and on very fine pulp 
it fails entirely. The maximum size of grain fed to them is generally between 
40 mesh (about 0.35 mm.) and 80 mesh (about 0.15 mm.). 

The Ellenbecker Table is 3 feet wide by 6 feet long. It has a wooden bottom 
covered with copper plate. The lower 3 feet is horizontal, the upper rises 
inches in 3 feet. It is suspended on four hinged rods, which serve as guides for 
longitudinal motion. The table is given a jerking motion by means of a driving 
shaft (with fiy-wheel), eccentric gear transmission (giving accelerated-retarded 
motion), and eccentrics, the speed being about 130 to 150 jerks of 1 to 2 inches per 
minute. The jerk throws the grains up the slope; the wash water floats down 
the surface quartz particles. It is fed across the middle and has little war'll water 
distributed across the top. It treats about 3 tons in 24 hours, maximum size 
about 60 mesh (about 0.2 mm.). It was used between 1870 and 1880 at Mill 
44. Its work is now done by slime tables and Wilfley tables. 

1m LAY. — T his is an end-shake jerking table, much like the Ellenbecker, but is 
supported on toggles. It is 4 feet wide and 7^ feet long, and makes 200 oscilla- 
tions of about inch, which can be varied by cone pulleys. 

The Golden Gate Concentrator is a jerking table which separates the min- 
erals into layers by agitation, at the same time moving the particles ra])idly for- 
ward by the jerk. Idle table is 11 feet long and 4 feet wide. It ha^ a slight down 
slope for about 7 feet from th,e feed end, and then rises about 4 feet to the end 
where the heads are discharged. The heads receive a final cleaning by a stream 
of clear water as they are jerked up this second slope. The tailings are removed 
by suction at the point wliere the direction of slo[)(‘ changt‘s. Aliove thi' wash- 
ing surface there is a frame with wire nail points ])rojecting downward about 
2 inches apart. This frame is givcm a side vibration at the same time that the 
table receives its end jerk, the result being that the nail points describe curved 
paths in the pulp heel, and so prevent any banking of the ore. The table is 
driven by the sliding block mechanism (see 408), and receivers 260 short vibra- 
tions per minute. While the capacity is very large the first cost is high ($1,700), 
and the tailings carry considerable fine concentrates. At Oldham, Nova Scotia, 
it treated gravity stamp pulp, which had passed over amalgamated plates, at 
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TABLE 322. — BUMPING TABLES. 


Kind of 
Surface. 

Slope. 

Shakes. | 

Inches per 
Foot. 

Degrees. 

Number 
per Minute. 

Length. 

Inches. 

Enamel (a). 

0.94 

0.94 

4® 30^ 
4® 30' 

148 

144 

% 






Copper (0). 



120 


Cast iron . . 





















Steel 



180 

150 

150 

150 

140 

140 

P 

Cast iron . . 






(1 






St apI 












85 


86 


Kind of 
Table. 


J Parsons., 
Gilpin 


No. 1 
No. 3| 
No. 1 
No. 2 
No. 8l 
No. 4 
No. 1 
No. 2 
No. 3 
No. 4l 
No. 6 
No. 61 


is .a 


w i 

o .-g 

gS 


85 

85 

85 

85 

85 

85 

85 


18 


Source. 


Feed. 


(d) 

(e) 
(o) 
(o) 

i?) 

()0 

(2) 

(fc) 

(m) 

«) 

(o) 


s 

i -s 

cbCQ 


'Smelter.. 


I 1*25 , 
40 mesh' 
0.88 


0.88 


Destination of 


Heads. 


Mid- 

dlings. 


iv) 

iv) 


No. 4 jig. 


Tailings. 


Waste. 


(iu) 
Waste. 


(«) 
Waste. 

No. 0 table 
Waste. 


(a) Enameled duck. (6) Amalgamated copper. 


(d' Spigots of 


No. 5 surface current classifier. “(irSpTgot ofISo'l wiiole current classifier. Jt/) JSpigpt of N()^J u^urauhc 
classifier, (p) First spigot of No. 2 hydr— 

First spigot of No. 8 hydraulic classifier. . , - - 

No. 3 hydraulic classifier, (o) Gravity stamps, (r) „„„„ 

with coarse screened out. (t) Tailings of No. 8 table, (v) No. 1 whole current classifier, (tc) Following table. 
{x) 40-mesh r ddle. 


the rate of 24 to 30 tons in 24 hours, yielding 1,000 to 1,200 pounds of con- 
centrates assaying $70 per ton, and tailings assaying $0.50 to $().r)-I a ton. ^ '^I'he 
values in this ore, however, were not carried by the line arsciiopyrite. 11* they 
were the tailings would have been much richer. 

Comparison of Side-Bump and End-Bump Tables. — The tables with side 
bump throw all the particles toward the side, while the water eurrcMit rolls tlunn 
down hill at rates varying with the size of the grains and their spe^eifie gravity, 
the larger and lighter grains moving faster than tlio smaller, laaivun* grains. 
The combination of these actions yields the particles s[)read out like a fan, and 
it follows that the table can turn out heads, middlings and tailings or it. may 
yield more than three products, for example, galena, pyritc, bh‘nd(‘ and (juartz, 
each quality of mineral being guided into its own catch box. l’'hc cnd-jcrking 
tables, on the other hand, separate the ])articl(‘s into layers, then hy the j(‘rk 
throw them toward the head end, and bid ween tli{‘ jerks the ual(*r rolls the 
grains in the top quartz layer towaril the tail end. Ilv rightly adjusting th(^ 
slope the pyrite is jerked up hill and the (piartz is rolled ilow n hill. 11 follows 
that machines of tin’s class can inaki* only heads and tailings; and if it is 
desired to make middlings, with a vi(‘w of firodueiiig cleaner heads, or to mak(‘ 
a three-mineral se])aTation, then two tables must he iis('d, one following the 
other. The first will yield tlie galena, for exaniph^, as lu'ads, and the lilemh* and 
quartz will go together into tin* tailings; tlie second (able, iv-t r(‘al ing lliesf‘ 
tailings, will make bleiuk* as heads ami (piartz as tailings. ''Idii'- eomhinal ion 
will give a much less perfect result, however, than tlu* Willhy or Stem, w'orking 
upon sorted products. 


MISCELLANEOUS MACHINES USING AGITATION. 

§ 496. Ttte Salzburg Tabi.e is a liumping, intermittent table*, 3.S m. (12 feet 
6 inches) long, 1.5 m. (4 feet 11 meli(‘s) wnh*, wliieli builds iij) a hank of ore 
and requires to ho stopped and slioveled out from tiim* to turn*, wlum heads and 
middlings have eolleetiTl sufficiently. Tlu* tailings pass off to w^ast(‘, ov(‘r the* 
open tail end, while the table is working. It is susjx'nded from four rods. A 
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cam draws the table toward the tail, and. a spring, at release, pushes it toward 
the head, against a bumping post. It usually makes 70 to 80 throws a minute, 
of 13 to 20 mm. in length, consuming 0.7 to 1.1 horse power. It slopes about 
2°, which is adjusted as the ore bed builds up. It should be fed with a sorted 
product. Though an old table, it still finds favor in Germany on account of its 
successful treatment of the coarse slimes. Tests at Przibram, Bohemia, showed 
it to save 20% more silver and 30% more lead from coarse slimes than the 
Eittinger table.^® It uses less water than the latter, and so loses less fine min- 
eral. It requires much attendance. 

One table works 800 pounds an hour of coarse meal using 3.74 gallons 
water a minute ; one table works 400 pounds an hour of middle meal using 2.47 
gallons water a minute ; one table works 200 pounds an hour of fine meal 
using 1.87 gallons water a minute; one table works 60 to 100 pounds an hour 
of slimes using 0.94 gallon water a minute. 

The Hendy Concentrator is a shallow, circular pan, 5 or 6 feet in diameter 
and about 8 inches deep, with a slightly convex conical bottom, pivoted at the 
center and given a circular oscillating movement of about 1 to 2 inches, 215 to 
225 times per minute. The ore is fed all around the circumference by revolv- 
ing spray feeder arms. The agitation settles the pyrite to the bottom, the quartz 
rising to the surface. The former is collected by centrifugal force in a groove 
around the circumference and is discharged through a little gate, which is regu- 
lated to suit the ore. The quartz is carried by the water toward the center of 
the pan and overflows inward to a discharge spout. The depth of the water is 
of course greater at the circumference than at the center. The machine will 
treat about 4 tons in 24 hours. It was formerly much used, but has been dis- 
placed by vanners. A machine similar to this is used at the Mayflower mill, 
Idaho Springs, Colorado, to treat re-stamped jig middlings. It consists of a 
pan 2 feet 6 inches diameter, 1 foot deep, oscillating on a central pivot. It is 
fed at the center from a hopper, through a downwardly expanding cone, which 
causes the sand to assume the condition of hindered settling. The tailings are 
discharged at the circumference and go to Gilpin County bumping tables, while 
the concentrates are discharged through four adjustable gates in the bottom, 
and sent to the smelting works. 

The Mechantcal Batea is used for washing away the fine, light stufl from the 
charge of tlie clean up barrel in amalgamating mills. That used in Mill 72 is 
a pan 3G inches in diameter, with the bottom a spherical surface having its 
center 4 inches below Iho margin. The pan has vertical sides 4 inches high, 
with an annular nm 1] inches wide, extending horizontally inward from near 
the top of Ihe sides, to pnwent slopping. It is suspended by three rods 12 feet 
long with turnbiickles for leveling. The pan receives a gyrating motion by 
a central crank beneath, witli a radius of IJ inches, and makes about 40 nwolii- 
tioris p(T minute, reipiiring about 1 horse powiT. The dis('hargc‘ nozzI(‘, whic-h 
is held between guides, yirevfuits th(‘ pan from revolving. Tlu* charge is Fed 
at one side, and the light stuff overflows at the opposite side, through a nozzle 
whos(‘ sole is hwel with th(‘ bottom margin of the pan. It yadds: {a) Over- 
flow to amalgamating plates and {b) residue to hand pan For Further ch'aning, 
which yields: (1) Amalgam, retorted; (2) m(‘rciiry, goc's bac-k to mill; (3) 
scrap iron, waste; (4) lump ore, back to stamps; (5) rich concentrates, to clilo- 
ri nation works. 

The Fulton Iron Works, the TTendy Machine Works and the E. P. Allis Co. 
each advertise a batea supported by two rods at the back and a roller uthUt the 
discharge nozzle, and applying the power by a crank at the side opposite to the 
nozzle (see Fig. 398). 
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TABLE 323. — SLIME TABLE CONSTEirOTION AND OPERATION. 
Abbreviations.— Ft.=Peet; In.=Inobeaj L.=Lower; No.=Numbcr; ta.=table; tr.=ti-ominel. 


Mill and 1 

Table No. 


I ° 

Slope. 

d? s 


Method of 
Feeding. 

gs»^ 


d S 


D 

estination of 

Kind. 

Diameter. 
Ft. and 

Inches 
per Foot. 

Degrees. 

O^g 

■S|g 

|«5 

Kind of 
Surface. 

rs^ 

'g.E-’S 

ill 

— S ri 
|2| 

.ShT) cS 

Mi 

1^1 

Fed 

from 

Heads. 

Middlings 

Tail- 

ings. 

16-1 


18 

1.05 

5° 0 ' 

125 

Cement 



Bio 

Bai 


Smelt’r 

No. 3 ta. . 

Waste. 

g 

a: 

18 

18 


1^ 

It 


B 7 



C 4 







6 “ 0 ' 

125 




It 



Returned 

“ 





Bao 

Bao 

Bao 


El 


21 

a1 

14 

0.94 

4° 30' 

41 


Bfl 



tt 


18 

18 

16 

1.05 

1.05 

1.25 

6 ® 0 ' 
5° 0' 
6 ® 0 ' 


W^d.. 

Bfi 

B» 

Bps 

Bai 



No. 1 Ir. . 

22 

Aa] 


Bb 

C 4 


t* 

44 

23-1 



“ .. 


Bio 

44 

C 3 & C 4 

44 

Ea 

44 

2 

1 

aI 

16 

18 

1.25 

6 ® 0 ' 

76 

75 

» •• 

— 




cj, 


Es 

tt 

2 

A 

18 








Cio 

44 


44 















3 

4 

at 

18 

1 35 


76 

79 

155 

155 

165 

160 








■■ 


a! 

18 

1 85 

00 25 / 

n ^ 





cJI 


44 

it 


18 

1 83 

6* 20' 






c” 

tt 

None 

M. deck 

27 

A- J 

18 

1 24 








44 

L. deck.. 

Waste. 

1 

20 

15-6 

0 72 

3® 25' 






Gift Scb^i 

tt 

Vanners.. 

44 

28-1 


1.74 

H® 15' 




Bio 




E.. 

tt 










AbK 

15-6 

15-6 

15-6 

D, 

1.87 

1.68 

1 05 

6® 30' 
7® 30' 

150 

150 

150 









2 

Afi] 




k4 

‘t 


tt 

44 

44 






Gib 


44 

44 

29 

A. ' 








Cl 

44 

Returned 

tt 

80-1 



18 

18 

18 

18 

18 

18 

18 

1.26 

1.26 

1.26 

1.26 

1.26 

1.26 

1.125 

6® 0' 
6® 0' 
6® 0 
6® 0' 
6® 0' 
6® 0' 
5® 30' 

74 

74 

74 

74 

74 

74 

66 

Wood.. 

B 3 

Ba 



Ca 


L. deck.. 

44 

Aa- 




Cot 

44 

44 

2 



tc 

U 

44 



cS 

44 

L. deck.. 

tt 

Aa 


U 

(( 

44 



r* 

tt 

tt 

a 




U 

44 



^27 

44 

L. deck.. 

tt 

Aan 


“ _J 

44 

44 



cj," 

44 

«< 

81-1 



“ 7! 

Ba 

Bp 

Bp4 

Bxa 

C, 

tt 

L. deck. . 

<t 

Aan 


18 

1.125 

6 ® 20 ' 

56 

44 



Gar 


Vanners.. 


2 



18 

1.125 

6 ® 20 ' 

56 

44 

B 4 

Bq Sc B|a 

Bp 3 

“ 

C,7 

44 

L. deck.. 


Aa 


18 

1.126 

6 ® 20 ' 

66 

“ . . 



Ca, 


Vanners.. 





18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

17-6 

17-6 

1.125 

1.125 

1.126 

5® 20' 
5® 20' 
5® 20' 



4* 


tt 




L. deck.. 


82-1 







tt 

“ 


tt 

L. deck. . 

44 





44 

‘1 

it 



44 

Vanners.. 







(( 

tt 

44 


" Gia"” 

‘t 

L. deck.. 

<t 

2 

Aa-J 








44 



44 

Ij. deck. . 

44 







tt 


44 


Ca, & Can 

tt 

Vaunens.. 

tt 




1.25 

1.26 
1.25 
0.96 
0.76 

6 ® 57' 
5® 67' 
6 ® 57' 
4® 35' 
3® 85' 




K 

44 



44 

Tj. deck. . 

tt 

8 

Ai- 





it 

44 

tt 

tt*®* 

tt 

L deck . . 

it 


* 




tv 

tt 

44 

tt 

Co, Sc (3ou 

it 

Vanners., 

tt 





Wood. . 





d~ ” in 

Cfl 


tt 

88 

Aa ■ 








Ca, 

Srnelt’r 


tt 

84 



70 






Cl 

L deck.. 

tt 

Aa- 




70 






Ca, 


Vanners.. 


85-1 

A,. 

A,. 


18 

1.25 

6 ® 67' 

70 



I'^.V 1 ',, 

H. 

Bss 

Cia 


L. deck . . 

tt 


18 

18 

18 

18 

16 

1.25 

1.5 

1.5 

1.0 

1.125 

5® 57' 
7® 10' 
7® 10' 
4® 45' 
5® 20' 

70 

44 





44 

No. 5 tr. . 

tt 



58 

44 





Ih 



2 


58 

44 





C 

•tin.-M r 

N'l !. 1 r 


86 


44 





oi* 




70 

44 

Bi’ 

Bia 

Bib 

”Ra. 

C 

^a-j 

Sinelt’r 

L. dock. . 

Vanner 

87 

Aa-^ 


16 

1.126 

5® 20' 

70 

44 

n 


“ 






16 

1 25 

6 ® 57' 

70 


44 

tt 

“ 


Ca, CaH 

“ 

None — 


QQ 

A J 


17 

1 25 

5® .57' 

115 

Dg *’ 

44 

Bp 

Bp. 

“ 

Gp, 


“ 

“ 

So 

Aa-j 


17 

1.25 

5® 57' 

115 

I>3 

44 


tt 


tt 

“ 

42-1 

Aa- 


18 

18 

0.75 

0.75 

8 ° 85' 
3® 35' 

80 

80 

Wood. . 

44 

44 

!t 

?t‘^ 

B-ja 

Gpo 

44 

!; 

No 3 la 

2 

Aj.. 

18 

0.75 

3® 85' 

80 

44 



“• 



t' 

44 


8 

Ai.. 

18 

0.75 

8 ® 35' 

80 

44 



“ 

“ 

Gao 


•t 

Wast^ 

48-1 

A k 

18 

1.125 

5® 20' 

80 


44 

Bpa 

B,o 




L. DcM'k 


At-J 

18 

1.125 

5® 20' 

80 

44 



G 37 


Vann(‘r 


0 

A J 

18 

1.0 

4® 45' 

80 






G„ 


r. deck 


4 

Aa-^ 

18 

1.0 

4® 45' 

80 




“ 


G.,7 


Viinner, . 


8 

A i 

18 

1.125 

5® 20' 

80 


44 

“ 

“ 


C,n 


L (lock 



18 

1 125 

6 ® 20 ' 

80 

“ . . 

44 



“ 

Gi, 


Vunner. 


. 

A, 

18 

1 0 

4® 45' 

80 






Gi, 


L (l(*ck. 


4 

18 

1 0 

4® 45' 

80 

44 

44 

tt 



c.„ 

tt 

Vanner 


44-1 

A i 

17-8 

1.66 

7® 25' 

60 

44 

B 4 

Bp 

B.b 

Bp, 


tt 

No. 2 ta 

“ 

Aaj 

17-8 

1 56 

7® 25' 

60 

44 




C,7 

tt 

tt 

“ 

2 

A,{ 

17-8 

1 66 

7® 25' 

60 

44 



“■ 

B j 0 



None 


17-8 

1.56 

70 25 / 

60 


tv 


it 


tt 



45 

46 

A. . . 





44 

B 7 

Bt 

B7 

B., 

Gal 

Kieve 

Roturne(l 

tc 

aI 

16 ^ 

*i 25’ 

* 6 ® 57' 

60 

44 


«p7 


47 

48 


17-9 

1 25 
1.25 

5® .57' 



Ra 

Be 

B 7 

Bin 

B 7 & Bi6 




14 

14 


19-0 

5® 57' 

60 


Bt 

£?ih 

Bib 

It 

SmeR’r 

44 

44 

86 

A».. 

16 

1 

4® 45' 

85 

Cement 


B» 

Bio 

C30 


44 



A,, Convex conical, revolving. A^, Convex conical, revolving double deck. A 3 , Convex conical, revolving 
three-d ck. A 4 , Convex conical, stationary. Ab, Revolving double deck, concave above and convex below A* 
Three deck ; upper deck concave revolving, middle deck convex revolving, lower deck convex, stationary. A 7 , 
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Clark convex step table. Central cup. Bg, Central cup and fixed cone. B 3 , Central cup and flat apron. B 4 , 
Fan distributor and revolving cone. 65 , Fan distributor and fixed cone. B«, Fan distributor, fixed cone and 

apron. B 7 , Evans dead head. Bg, R ' ' “ ' ~ ’ - - 

pipe. Bn, Straight diagonal spray I 
jets. Bn, Diagonal jet pipes, seven 

” - «" • > j^-inch jets. B,fl, 

_ L jets. B 23 , Radial 
hydraulic classifier, and 

overnow or xno. ». vjo, r irsi spigot or jno. 1 surrace current ciassmer. U 4 , aecona spigot of No. 1 surface current 
classifier. Cg, Third, fourth and fifth spigots of No. 1 surface current classifier. G«, Spigots of No. 1 and No. 
2 surface current classifier. C 7 , Spigots of No. 2 and No. 8 surface current classifiers. Cg, First spigot of 
No. 1 whole current classifier. C9, Second spigot of Np. 1 whole current classifier. C, 0 ' Third spigot of No. 1 
whole current classifier. Fourth spigot of No. 1 whole current classifier. Cia, Coarse ^igots of No. 1 
whole current classifier. 0 , 3 , Spigots of No. 1 whole current classifier. Cu, Fine spigots of No. 1 
whole current classifier. Cts, Spigot of No. 1 whole current classifier. Cin, Spigot of No. 2 whole current 
classifier. ^ 7 , ^igots of No. 1 and No. 2 whole current classifiers. Cia, First spigot of No. 2 whole current 
classifier. Cig, ^cond spigot of No. 2 whole current classifier. Ooo, Third spjgot of No. 2 and spigot of No. 3 
whole current classifier. Cai, Spigot of No 4 whole current classifier. Caa, First spigot of No. 1 box classi- 
fier. Caa, Spigots of distributing tank. Tailings of upper deck. Cqb, Tailings of No. 1 and No. 2 tables. 
Caa, Middling of No 1 table. ^ r. 

C3( 


. Middlings 


v^afl, miaaungs 01 jno 1 tame. C97, Middlings of upper deck. Caa, Middlings of middle deck. Caa- M 
of all the tables. Caqi Overflow of hydraulic cl^sifier, througn an unwatering box. Dj, Three separate 
tables, which are 10, 14 and 16 feet diameter respectively. D 9 , This deck was not used. D 3 , Some wood 
and some rubber. Ej, Huntington mill. E 9 , No. 1 surface current classifier. £ 3 , No. 2 whole current cla^- 
fier. £4, By pump to upper deck of No. 2 table. 



FIG. 398. — ^MEOHANICAL BATEA. 


C. Film-Sizing Tables. 

Film-sizing tables use the relative transporting power of a film of water flow- 
ing on a quiet surface (which may be either smooth or rough), lo act upon the 
particles of a water-sorted product. Tiie smaller grains, of higher specific 
gravity, arc moved down the slope slowly or not at all by the slow under current; 
the larger grains, of lower specific gravity, are moved rapidly down the slope by 
the quick upper eurrent. 

These tables may be classified as: 

I. Surface tables, from wliich the products are rcmovi'd before they have 
formed a bed, so that tlio washing is always done on the same surface. 

II. Building tables or buddies, on which the products accumulate to a depth 
of several inches and are then removed by hand. 

The surface tables may be sub-divided into (a) continuous machines, which 
discharge their products automatically without stopping, and (5) intermittent 
machines, which must be stopped periodically to remove the products. 
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Data on both kinds of surface tables, as obtained from the mills, are given 
in Table 323. 


Id, CONTIITUOUS SUEFACE TABLES. 

Continuous surface tables include the circular tables with revolving parts, 



and the traveling non-vibrating belts, all of which discharge their products auto- 
matically and continuously. 

§ 497. [Revolving CrucniAE Convex Slime Taisi.es liavo the form of a very 
much flattened cone with its axis vertical and its ccmtcT higher than its margin. 
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Pulp is fed over a portion of the surface on the pnlp or sand side of the table 
near the center, and as it flows down the slope it spreads out, and the film be- 
comes thinner, loses carrying power and increases in settling power. The revo- 
lution of the table continually carries the pulp round past a series of clean water 
distributors, on the washing side, which wash and remove the diflerent products 
most advantageously as to place, time and manner, the different products being 
caught in separate launders around the circumference. 

As a good example of modern construction the three-deck table in Mill 37 is 
here described. By three decks is meant three tables one above the other on a 
single shaft. This table, made by the Tuttle Manufacturing and Supply Co., 



is shown in Figs. 309a and 300&. It has a main frame of four horizontal tim- 
bers, one above the other, connected by end posts. The lowest acts as a sill and 
also carries the step; the other three carry boxes for the vertical shaft; and in 
the spaces between these four bearings are placed the three decks or tables. 
Each deck consists of an umbrella frame with twelve rays and twi^lve support- 
ing braces. Each table has one socket hub for the rays and one for the braces, 
and the socket hubs are fastened to the 3^\-incli shaft by set screws.^ The 
rays of the two upper decks are set at a slope of H iiu'hos per foot (5 21 ), 

those of the lower deck at li inches per foot (5° 57'). The rays are united by 


688 


ORE DRESSING. 


§ 497 


planks laid as chords of circles, and there are five of these chord rings. Their 
surfaces are planed to a true cone for the support of the boards which form the 
washing surface. The outer ring in this table is stiffened by a ring of boards 
on edge^ which prevent sagging of the surface between the rays. The surface 
boards, which are commonly of white pine, are sawed of the proper sector to lay 
them radially, are tongued and grooved, and then nailed in place. The surface 
is brought to a true conical form by a hand plane, and water is then turned on 
the table. This whole operation, from the time the log is taken from the pond 
of the saw mill till the water is turned on the table, is done as rapidly as possi- 
ble, to prevent the boards from drying, shrinking and warping. The slightest 
warp spoils the work of the table, as it makes gutters of quick water conveying 
the heads down too far and ridges of slow water holding back the tailings from 
rolling down as they should. A table of this kind once made should never be 
allowed to dry. 

The feed pulp is distributed by a central cone with 45® slope, which is fixed 
to the main frame and therefore does not revolve. This cone has upon it a split 
cup feed, that is, a cup divided into halves by a vertical partition. One half 
feeds pulp to one side of the table, while the other can feed clear wash water to 
the other side of the table. In this mill, however, the wash water cup is not 
used, the wash water being applied from a spiral spray pipe which has 21 jets 
f inch in diameter, about 5 inches apart, directed vertically downward. These 
jets keep pushing the quartz down hill, while allowing any concentrates that are 
sufficiently cleaned to pass between them. A straight spray pipe inclined 30® 
from the radius, with five jets of :i-inch pipe 9 inches apart, directed iangen- 
tially and opposed to the direction of the table, is provided for washing off the 
middlings; and to remove the heads there is a radial pipe with 9 jets of i-inch 
pipe set 9 inches apart and directed obliquely against the motion of ilie table. 
There is also a pipe to dilute the feed pulp in case sufficient water is not fed 
with the pulp. The author would advise connecting all these pipes to the hydrant 
by separate valves to give independent regulation. The table is givc^n very slow 
speed (one revolution in 70 seconds in this case) by worm gear. It is surrounded 
by a circular launder which catches everything that runs off. 11118 JaimchT is 
partitioned to catch the tailings, middlings and heads s(‘[)arately and each com- 
partment has its own spouts for continuous discharge of its product. These 
partitions are placed to suit the quality of produces. 

The discharge edge of a circular slime table should he rounded. If it is 
square, a bead of water and sand will always rest upon and b(* <'arri(*d forward 
by it, and in this way quartz may be carried into tli(‘ lu'ads. This bead soiik*- 
times goes so far as to produce on the table a solid bank of iniperf(‘eily wash(‘d 
material. 

Instances of other tables are as follows: In Mill 22 the pulp is fed upon nearly 
half the circumference of a fixed cone by a fan-shaped disinhntor ha\ing radiat- 
ing partitions. The cone is fastened to the main franu' with its base 2 indies 
above the table. Wash water is delivered upon this cone for nearly tla* ivniain- 
ing half of the circumference. Middlings are washed off the Iowct 1 ft^d of th(^ 
table by a straight diagonal pipe with ^-inch jets 2 inelies afiart. 11ie concen- 
trates are removed by a single j-inch jet from a IJ-indi pipe. 

The tables used in Mill 44 have a fan-shaped fe(‘d trough, a cone nwolving 
with the table for distributing pulp, a circular spray pip(‘ for the wash wat(‘r, a 
diagonal spray pipe for the middlings, and four =|^e-in('h jets for washing off the 
heads. 

In Mill 30 fourteen rays are used for the frame, and the tables are mounted 
with two decks on a 3-ineh shaft, and the socket hubs arc* keyed to the shaft. 
The tables, which are 18 feet in diameter, are fid from a split cup feeder. 



498 


FINE SAND AND SLIME C0NGENTRAT0E8, 


689 


which distributes upon a flat cone 8 feet in diameter and slightly steeper (9° 45') 
in slope than the table (6°). This feeder discharges through fourteen f-incb 
holes around its lower circumference (seven for pulp and seven for wash water), 
instead of overflowing as is more common. 

The tables used in Mill 15 have sixteen rays, and the chord rings are of boards 
laid close together. Upon these boards a cement surface is made by driving in 
nails at frequent intervals, leaving the heads about inch above the wood to 
hold the cement in place. A layer of coarser cement gives a foundation for a 
smooth surface of finer cement, the two together being about an inch thick. 
When complete and dried, the surface is varnished. It has the advantage that 
it is truer than wood and can be allowed to dry without warping. 

The Evans talle has a split cup feeder, and a fixed wide feed apron with 
slightly steeper slope than the table. On the feed side the apron has a circular 
margin with a radius of 3 feet 8 inches. On the wash water side the apron has 
a spiral margin beginning with a radius 2 inches less and ending with a radius 
1 foot 4 inches more than on the feed side. The diameter of the table is 19 
feet. These dimensions are from Mills 46 and 48. The object of this spiral 
wash water stream is to push the quartz down the table systematically, thus 
doing away with any slight gutters and ridges that the imperfections of the 
table have formed. The middlings are washed off by a diagonal spray pipe, and 
the heads by two or three powerful jets with a board scraper to concentrate 
the stream and clean and true up the surface. 

The Clark table, used at Mill 43, has its conical surface divided into eleven 
annular steps, each 8 inches wide, and the drop from one step to the next is 
about ^ inch. This table is fed on a quarter of its circumference by a cup and 
cone feeder. Each step has its own wash water jet. To each cock is attached 
a rubber hose 12 to 18 inches long which is directed, by a clamp upon a rod with 
universal movement, so as to allow a band of pure mineral, formed by the pre- 
vious jet, to pass while the jot pushes the sand to the next step. 

The Schranz table^^ is fed, washed and cleaned off twice during each revolu- 
tion. The wash water is applied from two spiral spray pipes, the jets of which 
are directed against vertical spiral splash plates, the wash water falling vertically 
from these upon the table. 

Summary of the Devices Used on Revolving Convex Tables. — There are four 
parts of the slime table which vary in different designs, namely, the devices for 
feeding the pulp and the wash water, and those for the removal of the middlings 
and the heads. The removal of the tailings is practically the same on all tables. 
Pulp may be fed to a revolving 45° cone built upon and revolving with the 
table ; to a fixed cone attached to the main frame ; or to one-half of a split cup 
attached to the main frame and combined with a fixed 45° cone or a fixed apron, 
the pulp simply flowing over the edge of the cup and down the cone or apron. 
The wash water may be supplied by a spiral spray pipe playing directly upon 
the surface of the table, each stream having its own regulating cock ; by a circu- 
lar spray pipe playing upon a 45° central cone; or by the split cup with a fixed 
spiral or circular apron. The middlings may be washed off by a straight or 
curved spray pipe placed at a slight diagonal angle with the radius of the table. 
The heads are washed off by more powerful jets varying from one large to nine 
smaller jets. Where the one or two larger jets are used tliey must be combined 
with the board scraper to prevent the dissipation of the force of the stream. 
Where the larger number of smaller jets are used they are directed diagonallv 
toward the edge of the table and opposite to the direction of rotation. The tail- 
ings are washed off partly on the feed side of the table and partly on the wash 
water side, probably more on the former than on the latter. 

§498. Fixed, Circular Convex Slime Tables. — The Linkenbach fixed con- 
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ical table, designed in 1878, claims the advantage that so difficult a construction as 
a conical cement surface can be made and maintained truer upon a solid founda- 
tion than upon a revolving frame. In constructing the table'* the foundation is 
made either of concrete or of rough stone laid in cement. This masonry is 
brought to an approximately true surface, and the final finished surface is ob- 
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heads, middlings and tailings; four would yield two kinds of heads, with mid- 
dlings and tailings. The pulp, the feed water and the wash water distributors 
revolve, as do also the spray pipes for middlings and wash off pipes for heads, 
and also the catch hoppers for heads and middlings with the pipes for convey- 
ing them to their respective circular launders. The tailings run off the table 
directly into their launder. The revolving parts are either carried upon arms 
radiating from a central shaft above, or they are carried upon a circular carriage 
running upon a circular rail and driven by a chain. The second method is 
illustrated in Figs. 400a and 4006. In the former case the wash water is dis- 
tributed from a revolving pan upon the shaft ; in the latter case it is distributed 
from the shaft itself, which is hollow. In both cases the feed pulp comes in 
from below through the arch. 

The table is made 6 to 8 meters (19 feet 8 inches to 26 feet 3 inches) in 
diameter, and the slope recommended is inches per foot for the coarsest slimes 
(that is, for grains up to 0.25 mm. diameter) and 1 inch per foot for the finest 
slimes. The moving parts revolve in from 2 to 4 minutes. The tables were 
at one time made in tiers of three decks, the upper deck 6 m., the middle 6.5 m. 
and the lower 7 m. in diameter. The machine seems to become complicated, 
however, by this arrangement, and to have lost the advantage of a solid founda- 
tion. This form has since been abandoned. 

The Bolerts table, patented in 1883, used in Mill 21, is a fixed convex, conical 
cement surface table, which works on the same principle as the Linkenbach table. 
It is 14 feet in diameter with 4° 30' (0.94 inch to 1 foot) slope. The feed distribu- 
tor is a revolving cast iron cone 3 feet in diameter and 5 inches high. This dis- 
tributes the pulp over three-fourths of the circle. Below the cone and revolv- 
ing with it is a 1^-inch spiral spray pipe with f-inch holes, 3 inches from center 
to center. The jets strike 10 inches away from the pipe and remove tailings 
and a middling product, leaving a bank of clean heads near the margin of the 
table. A radial wash-off pipe cleans off the heads, leaving the table ready for 
a new charge of pulp. 

Bartsch gives to the surface of a non-rotating circular table an oscillating, 
bumping motion as follows^^ : A cam pushes the table a short distance circum- 
ferentially and at release a spring forces it back against a bumping post. The 
table has the revolving feed and wash-off appliances required by the fixed table 
design. This is a modification of Sparre’s device, which shook the table back 
and forth by an eccentric.® 

§ 499. CoMPAiirsoN of Vanners with Convex Slime Tables. — A vanner 
4 feet wide, 12 feet long, costs $500 more or less; an 18-foot table costs $200 
to $300 according to locality. Two-deck or three-deck tables cost somewhat 
less than Iwice or thrice that sum. Vanners treat pulp carrying from 12 to 
38% (average perhaps 20%) of solid matter, the finer the product the less the 
quantity; tables treat pulp carrying 5 to 15% (perhaps average 10%) of solid 
matter, the finer the product the less the quantity. Four-foot vanners treat 4 
to 6 tons per 24 hours; over 6 tons is probably an overload; 18-foot tables treat 
perhaps 6 to 15 tons per 24 hours, according to fineness. As to the percentage 
of sulphurcts: in the gravity stamp nulls, the author finds the fi^ed to 4-foot 
vanners ranging from 1 to 5%, with an average of about 2-J%, and the feed to 
G-foot vanners ranging from G to 20%, with an average of about 11%. In 
rolls mills the 4-foot vanner will probably come nearer the second figure than 
the first. The tables receive pulp carrying perhaps I to 3% of valuable mineral, 
averaging perhaps U%. The higher the percentage of concentrates the less is 
the capacity of any concentrator. We may say then, that judging from practice, 
slime tables are adapted for treating large quantities of thin pulp with a small 
percentage of concentrates; while vanners are adapted for treating smaller quan- 
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The maximum size of the grains fed to tables is much finer than for vanners ; 
and the former must receive classified products or they will fail, while the latter 
do good work on unclassified products. Vanners probably would do better work 
on classified than upon unclassified pulp, but in gravity stamp mills difficulties 
generally occur in adapting classifiers to the irregular working of the stamps, 
and this prevents their adoption. 

In Mills 24, 31, 35, 36, 37 and 43 coarser classified products arc sent to tables, 
and finer to vanners. This treatment should, in the opinion of the author, be 
reversed, for the table handles the very fine, more dilute slimes better than the 
vanner. In Mill 30 greatly improved results were obtained by changing from 
the practice of the above mills, and treating all the spigots of the box classifiers 
on tables, the table middlings going to vanners. 

The power required for a vanner is perhaps ^ horse power; that for a table 
is very little, perhaps ^ horse power. 

§ 500. Revolving, Circular, Concave Slime Tables have the form of a 
much flattened cone or funnel. Pulp is fed at the circumference over a portion 
of the surface, and wash water over the remaining portion. As the current of 
water flows toward the center it becomes narrower, and therefore, deepens and 
increases in speed, thus increasing its carrying power. Hence, a grain of heavy 
mineral that does not settle near the point of feed will move faster and faster 
as it approaches the discharge. The different products are washed down and 
separately collected near the center of the table. These tables are not much 
used, but are sometimes found as feeders to convex tables where the ore has a 
large amount of concentrates, as in Mills 27 and 28. In both of these mills the 
concave is the same diameter as the convex. In the figure shown by Linkonbach 
the concave is much narrower than the convex. In Mill 27 pulp is fed over 
one-third of the circumference, in Mill 28 one-fifth, in Linkenbach’s figure one- 
sixteenth of the circumference. Wash water is fed over the remaind(‘r of the 
circumference. In Linkenbach^s figure the upper (concave) table makes heads, 
middlings and tailings; the lower (convex) re-treats these tailings, and from 
them makes heads, middlings and tailings. In Mill 27 the upper (concave) 
makes heads to smelter and tailings fed to the middle (convex) table which 
yields heads to smelter, middlings to lower (convex) table and tailings waste. 
The lower table makes heads to smelter, middlings to vanner and tailings waste. 
In Mill 28 both the upper (concave) and lower (convex) make heads, middlings 
and tailings. The middlings of both go to the upper (concave^) d(‘i*k of No. 2 
table. The lower (convex) deck qf^ No. 2 lias a separate ft‘ed. Both these 
tables make heads, middlings and tailings. The middlings go back to the ininer 
deck of No. 2. “ 


Comparison of Convex and Concave Slime Tables.— S ince o oonciivo 
table receives its feed over such a large area, it can save considcrahlc value from 
an ore carrying a high percentage of concentrates, but the tailings loss is ncccs 
sarily high. A convex table, on the other hand, irmkes eleiui tailings. 'I'lie 
lighting and inspection of a convex table are much more convenient tliaii of a 
concave table, on account of the direction of slope. 

§501. Operation of Circular Slime Tables.— The most iniportani con- 
siderations in the nsc of slime tables are the size of the grains to be treated and 
the speed of the vratcr current. The former depends on the prelirninarv elassilica- 
^on, and the latter upon the slope of the table and the quantity of ‘water used. 

L- V which are more or less dependent upon the above and all ot 

which affect the process, are as follows: 

The shape of the grains. 

The specific gravities of the minerals to be separated. 
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The density of the pulp. 

The rate of feeding the pulp. 

The thickness of the water film. 

The kind of surface. 

The diameter of the table. 

The speed of revolution. 

The convex or concave construction. 

Size of Oi’ains . — The larger the grains, up to a diameter equal to the thickness 
of the film, the more rapidly they are carried forward by the current ; but grains 
which project above the film are retarded, because the full weight of the unim- 
mersed portion is added to the water weight of the immersed portion. Further 
increase reaches a size of grain that will not move at all. Linkenbach recom- 
mends 0.25 mm. as the maximum size of quartz ; and the tests recorded in § 352 
show that the coarsest pulp sent to tables (that is, the first spigot of the box 
classifiers) in Mills 22 and 38 contains only 5 or 10% coarser than that size. 
In Mill 30 there is about 5% coarser than 0.4 mm. and about 10% coarser than 
0.3 mm. In Mill 28 there is about 5% coarser than 0.125 mm. and about 10% 
coarser than 0.1 mm. At the native copper mills of Lake Superior the tables 
are fed with pulp of which about 5% is too coarse to pass through a 100-mesh 
screen (approximately 0.125 mm.). 

Preliminary Classification; and Specific Gravity , — The ideal feed would con- 
sist of grains of uniform shape (sphere or cubes) with a definite ratio between 
the diameters of the two minerals. The grains actually obtained from the 
classifiers, however, depart from this ideal, because larger flat grains settle with 
smaller roundish grains causing a considerable range in sizes; also on account 
of the presence of included grains of heavy and light minerals attached to each 
other in varying proportions ; and finally, on account of the imperfections of the 
classifiers the feed to tables almost always contains a greater range of sizes than 
should be treated together. The tailings losses on the feed side of a table consist 
of the flat or flaky grains of heavy mineral, and of the finest slimes which 
come into the feed through the imperfections of the classifiers. This second 
loss may be very serious. The tailings loss on the wash-water side are due to 
the approach of the heads toward the edge of the table. They comprise the in- 
cluded grams and a few of the larger grains of heavy mineral. The middlings 
contain included grains mixed with a little of the smallest quartz and the larg- 
est grains of heavy mineral. This makes a product that can be well treated on 
a van nor, but is difficult to finish on a second slime table. If samples are taken 
from points all around a slime table they will generally be found to be poorest 
near the point where the tailings first reach the margin, and become richer all 
the way round until the middlings partition is reached. The middlings are 
richer still, and the heads of course approach pure heavy mineral, see ? 903. Tf 
a sample is taken beyond the heads, where the first pulp water goes off, it will 
generally assay very high. This is from a little h(‘ads carried past the wash-off 
jets, but if the table is run properly the quantity should be so small as to be of 
little monuMit. It is, however, an important point to watch. The nearer the feed 
to a fable comes to the ideal sorted product the more perfectly will it work. 

The degree of sorting needed depends on the specific gravities of the minerals 
The higher the specific gravity of the heavy mineral the greater will be the dif- 
ference in size between the ganguc and the heavy mineral in the pulp that comes 
from the classifier. Both the high specific gravity and the small size favor sepa 
ration on the slime table, the former by the resistance offered to the water cur- 
rent, the latter because the particles do not projeef- up into the rapidly moving 
layers of the water film. Hence, with such a heavy mineral as galena, less classi- 
fication is required than with lighter minerals like blende and chalcopyrite ; but 
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even with galena the very fine slimes will be lost if treated with the coarse por- 
tion. Practice in regard to preliminary classification in the mills may be snm- 
marized from Table 323 as follows; 

In 11 mills the earlier spigots of surface current or whole current classifiers 
go to one table and the later spigots to another; in 1 mill the last spigot of a 
hydraulic classifier goes to a table ; in 3 mills the overflow of hydraulic classifiers 
goes to tables; and in 10 mills the tables are all fed with like pulp consisting 
of the unwatered overflow of hydraulic classifiers. 

Shape of Grains . — ^Eoundish grains are considered to behave normally; and 
rolling rather than sliding is considered to be the normal motion. Longish 
grains swing around, side to the current, and on account of their less diameter 
may roll with a different speed from that of their associates. Flat grains may 
lie down and fail to move altogether or, if very thin, may, by being floated, move 
down more rapidly than the normal grains. Arborescent, flaky or leafy grains 
(for example, of native copper) move much faster than their size and specific 
gravity would indicate. The following experiment was tried : A batch of quartz 
grains, passing through a 10-mesh and resting on a 12-mesh sieve, was treated 
upon a plane rectangular table covered with No. 6 canvas with warp laid length- 
wise, sloping 6°, with a water current of 12J pounds per minute per foot of 
width. The grains that were washed off were nearly all roundish; those that 
remained were largely flat or with one flat plane. A second test was tried with 
quartz grains through 30-mesh on 40-mesh. The grains washed off were round- 
ish ; those remaining were flattish, though the difference was not quite as marked 
as in the former test. 


_ § 502. Slope of the Table . — Very fine pulp requires steep slope, with but 
little water and therefore a very thin film; while coarse pulp requires a gentler 
slope, but with much water and therefore a comparatively thick film (see ^ 508). 
This is based upon the fact that the work of the table is lo .si;!e prodiie'ls con- 
sisting of sorted grains. If, however, the table served only to unwulcr the iiulp 
then the finer the grains the leas should the slojie be. Willi llii-e(M>.\ee|)ii(iiis’ 
the mills do not appear to follow any particular rule as to slojie and size of 
grain. Mill 35 conforms to the principle that fine pulp should he treated 
on a steeper slope than coarse; but Mills 28 and 37 follow Die opposite 
practice. In Mill 37 the two upper docks slope 11, inches jier foot, while the 
lowest deck, which treats the middlings of the two upper decks, slope-, 1 j iiichcb 
per foot. This middling product, of course, docs not contain as lareo eraiiis as 
the original feed. 


Table 323 indicates that the slope of convex slime tables in Iho ITniled Stale.s 
varies from,^ to inches per foot, 1 to 1 J inches (I" 15' to (:°) hein.r most 
common. The three concave tables on the list slope respectively I Vnehos 
1.58 inches and 1.74 inches per foot. Ivunhardt gives 1 to 2 iiu hcs us Muropcan 
practice. Linkenbach gives the following figures: 



Stationary Convex Tables. 

Uovoh iri^ C(»nvcx T.ihJrs 

Coarsest slime., o... 

Medium slime „ 

Finest slime ........ 

1.3.3 inches per foot IJO') 
1.20 ( 5 ^ 45 ') 
1.00 ** '' (40 

1 2(1 Indies por loot l.l'i 

100 

1 00 ID ) j 


Quantity of Water . — The greater the quantity of water the greater will Ik- the 
speed of Hie current and the less its settling power Ip |l„. ,,(• ,, 

convex table the water should be estimated with res).ect lo the .niantily ulncl. 

V "1 f tiiiimle. since th(f m<,-l 'dillicult 

part of the work of separation is done near the eirciiniference. 'Phe „mIv nosi 
tive figures the author has are from Mill 41, where h<> found (he liiiniie;i film 
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noticed on any table was discharging 3 pounds and the greatest rush of water 
seen on any table was discharging 7 pounds of water per minute from 1 foot of 
circumference. The former figure is less and the latter more than the usual 
practice. If we consider 5 pounds to be about a proper quantity, and that an 
18-foot table is discharging this quantity all around its circumference, then the 
total amount of water will be 48,842 gallons in 24 hours (33.92 gallons a min- 
ute). Approximately half of this will come in the feed pulp. The other half 
will he used on the washing side; and of this amount perhaps two-thirds will 
be used for washing and one-third for the wash-off Jets. 

The thickness of the film on a slime table is much less than that of the pulp 
bed on a vanner, because the slope is steeper, and because the pulp is thinner. 
Thin pulp is necessary in order to have the ore only one grain deep on the table 
and thus get approximately individual treatment of the grains. The following 
measurements of films on some of the mill tables were made with a special gauge 
(see § 884). Each measure was taken near the circumference of the table 
except where otherwise indicated. 


imu 

No. 


No. of Ob- 

Thickness. 

Diameter 
of Table. 

Slope 
of Table. 

Location on Table. 

servations 

Averaged. 

Crest of 
Wave. 

Trough of 
Wave. 

80.. i 

6 inches from edge 

1 

Inches. 

o.nfii 

Inches. 

n.nai 

Ft. In. 
[l8 0 

5® 57' 

2 feet from edge.'^ 

2 



< 

At point of pulp feed 

2 

0.085 

0.059 

ft nsft 



48 

Average of ‘several points near the curved 
wash water pipe. 

8 


[l8 0 

4® 47' 

44,.] 

Feed aide (a) 

1 

0.189 

0.080 

0.119 

0.077 

}17 8 

7® 26' 

Wash water side 

2 

3 

0.046 

0.049 

0.053 

48.. ■{ 

Feed side 

[19 0 

5® 67' 

Wash water side 

3 





i 

Average - 


0.086 

0.040 









(a) On the feed side of this table a wave traveled down (about 8 feet) in 3 seconds; on the washing side in 
4 seconds. 


Density of Pulp , — The author has no exact data upon this subject. If we 
assume for an 18-foot circular convex table that about 5 pounds of water per 
minute leave the edge on every foot of circumference, that the table is fed with 
pulp upon about one-half of its circumference, and that it treats 12 tons in 24 
hours, then the pulp will contain 10-J%. of solids. Linkenbach recommends 8 
to 10%, but says that in practice tables are commonly fed with thicker pulp 
than this, which increases the capacity but also increases the losses in the tailings. 
In 1880 Munroc^'^ found 3^- cubic feet of slime, carrying 7 to 12 pounds of ore 
per cubic foot, fed to a single table per minute, which makes the solids about 
10% and 16% respectively. 

§ 503. Kind of Surface. — Four kinds of surface have been used: soft wood, 
cement, rubber and canvas. The effect of the surface upon the concentration 
varies with the rouglincss. The smoother a surface the less the particles are 
inclined to roll, and the less will be the retardation of the under current (due 
to friction). If a plate glass surface was used there would be a niininniin drag 
upon the under eurrent and the particles might slid(* down the surface without 
rolling at all Both of these qualities are had, and prolialily whatever advantage 
was gained by the trucnc^s of the glass surface would be more than lost l)v tho^^e 
disadvantages. Wood has a slight roughness which incline's tlio grain to roll, 
and diminishes the speed of the under current. A cement surfaee does the same 
to a greater extent and needs a steeper slope in eonsequonec. Rubber probably 
diminishes the under current. Canvas gives the greatest drag on the under eur- 
ront of any of the materials used. Moreover, the meshes of the cloth furnish 
little pits or riffles into which the particles settle. Quartz particles that have 
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been stopped by these rifBes in the early stage of the operation are crowded out 
by the heavy mineral that follows. The author knows of but one mill in this 
country (Mill 30) where it has been tried, and there the table had the com- 
paratively gentle slope of inches per foot and a speed of one revolution in 74 
seconds, with a diameter of 18 feet. The author has only begun upon experi- 
ments in this line, but thinks the extraordinary advantages of a canvas surface 
can be gained if the right conditions of slope and speed of revolution are de- 
termined. For example, his experiments indicate that with a steep slope (IJ 
to 2 Inches per foot) and a speed of one revolution in 5 or even 10 minutes, a 
canvas surface will prove advantageous. It is used in some mills in the Harz 
3.Iountains with good results.®^ 

Of the 25 mills shown in Table 323, at least 17 use wooden surface tables. 
Mill 38 tried a covering of thin sheet rubber, which was not successful because 
it wrinkled in warm weather. Thick rubber, however, gave good results. In 
Mills 15, 21 and 86 cement surfaces are used. In some of the tables the wooden 


surface is kept true and clean by special devices. In Mill 48 the Evans tables 
have the Evans radial wooden scrapers. In Mills 15, 45 and 46, Evans tables 
are used and presumably have the Evans scraper. Mills 38, 42 and 43 have 
wooden scrapers essentially of the form designed by Evans, but with rubber 
tacked on the lower edges. They are placed radially and just behind the jots 
for washing off the heads. These scrapers not only keep the table cl(‘aned from 
the formation of mineral or vegetable slime, but they also grind ofl' the surface 
slightly, helping to keep it true. They are held between guides and bear their 
whole weight upon the table. In Mill 38 the weight of the scraper is partly re- 
lieved by suspending cords. In Mill 15 the cement surface is trued every nine 
months by being ground with fine sand and a board straight edge, and is then 
varnished; in this way the true cone is maintained for years. 

Speed of Revolution. — The speed of revolution controls the amount of wash- 
ing that is done. A table which revolves once in two minutes waslu's the ore 
twice as long as one which revolves in one minute. The revolution may range 
from such a rapid speed that centrifugal force interferes with the treatment, 
down to an indefinitely slow speed. In general it is affecLod by the following 
considerations : thicker pulp requires faster speed than thinner to avoid too heavy 
an accumulation upon the surface; larger grains require faster speed than smalh'r, 
and steeper slope requires faster speed than gimtler, other things being (‘(|ual,' 
because the particles are in both cases earned to the circuinferonee mor(‘ rar)i(lly. 
The shorter the run down the slope, other tilings being equal, the quwkvr 
should be the revolution of the table, because the material reaches th(‘ cireumh^r- 
ence in shorter time. The faster the speed of revolution that is practicable in 
any case, the greater the capacity. 

Table 323 gives the practice in the mills; and from that tabh} it appears that 
slime tables in the United States make one revolution in from 1 1 to 155 si'eonds 
with an average of 85. The 41 seconds record is much less than the othm-s jiiul 
it IS on a very small table. Kunhardt speaks of tables in Eiiropi^ revolvim^ 
once in 30 seconds and once in 24 seconds respectively, as instanc(‘s of tli(‘ 
est speed, and of others revolving once in 3 to 4} mmut(‘s (180 to 270 hceoiids) 
as instances of the slowest. The latter were working upon viTy dilute piiln. 

Diameter. — Table 323 shows revolving conv(‘x tahli's ranging from 10 to 19 
feet in diameter, the usual size being from 16 to 18 feet, most fn^qmmlly 18 
feet. Since the thickness of the water film diminisln's as it approaches the 
margin of the table, and since this method of concentration requires that tlie 
film shall not have more than a certain maximum thiekru'ss nor less tlian a 
certain minimum, it follows that convex tables can tr(>at pulp only for a lirnil(‘d 
radial distance without having the film too thick at the start or too thin at the 
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end. The real work of separation is done on the three or four feet of radius 
next to the circumference. 

Table 324 gives the radii of tables used in the mills, and the net working 
radial length. The last column shows that with a small distributing cone the 
thickness of the film at the beginning of treatment is much greater than at 
the margin of the table, while with a wide distributing cone it is but little 
thicker. The author considers this fact an argument against large tables, but 
it does not condemn large distributing cones. The larger the diameter the 
greater will be the capacity of a table; but the greater also will be the central 
area on which no concentration can take place, and consequently, the greater the 
waste of floor and roof space. The advisable limit of diameter seems to be 
about 18 feet. To make the most use of floor and roof space tables are built 
two and even three decks high. 


TABLE 324. — WORKING RADIUS OF SLIME TABLES. 


Mill or Authority. 

Radius of Feed 
Cone. 

Radius of Table. 

Working Radial 
Lengrh. 

Depth of Film at Cir- 
cumference of Feed 
Cone Divided by Depth 
at Circumference of 

1 Table. 


Ft. 

In. 

i 

In. 

Ft. 

In. 



1 

6 

7 

0 

5 

6 

4 7 


1 

6 

9 

0 

7 

6 

6 0 


1 

9 

9 

0 

7 

3 

5.1 


1 

6 

9 

0 

7 

6 

6.0 


1 

3 

9 

0 

7 

9 

7.2 


1 

6 

9 

0 

7 

6 

6.0 


1 

3 

8 

0 

6 

9 

6.4 


] 1 

2 

8 

6 

7 

4 

7.3 


1 2 

6 

8 

6 

6 

0 

8.4 


1 

3 

9 

0 

7 

9 

7.2 


1 

3 

9 

0 

7 

9 

7.2 


1 

6 

8 

10 

7 

4 

5.9 


3 

8(a) 

9 

8 

6 

0 

2.6 


3 

10 

8 

10^ 

5 


2.3 


3 

8(a) 

9 

6 

5 

10 

2.6 


1 

6 

8 

0 

6 

6 

5.3 

Lmkenbach fixed table 

3 

0 

11 

6 

9 

6 

5.7 


(a) Evans table— radius of dead head on feed side. 


The capacity of a coDical slime table depends on the various considerations 
that have just been discussed. The pulp should not be fed so fast as to inter- 
fere with individual treatment of the grains. In 1880 Munroe^^ found 18-foot 
tables at the Osceola mill, Lake Superior, treating 18 to 20 tons of slime (dry 
weight) in 24 hours; and at the Atlantic null he found tables treating 30 tons 
working on slirnc and 28 to 32 tons on sand. In 1884 Coggin^^ found that 
20-foot tables at Lake KSuperior were treating 12 to 13 tons of slime in 24 hours. 
In Ilarz Mountain practice, 24 to 30 tons are tri^ati'd in 24 hours on tables from 
l(;j to 29.^‘ feet in diameter, sloping from 1 in 10 to 1 in 12 and making 1 revo- 
lution in 3 to 4 minutes.^'^ Linkenbaeh gives the following figures as the 
capacity of his fixed convex slime table.-' 


Feed 

Diameter of Table 

Capacity. Tons 
per 24 Hours. 

Coarse slini(‘s 

Cm (19 feet H Indies ) 

19 01 

Mediiim slimes 

G 5 rn (21 teet 4 inches ) 

17 45 

Fine slimes 

7 to 8 ni (23 t(‘et to 2G feet 3 inches ) 

15.87 


The author believes that 12 to 15 tons in 24 hours, depending on the size of 
grains, is a suitable (piantity of feed to 18-foot slime table‘>. 

§ 504. The Belt Fii.m-Tahles. — These machines have wide belts stretched 
between end rollers and supported upon numerous intermediate small rollers or 
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upon a plane surface. One design gives the belt an up hill travel like that of a 
vanner, but without any shaking motion. This yields only two products, heads 
at the upper end and tailings at the lower. Another design has the belt 
zontal in its length but sloping from one side to the other, like the Stein machine, 
but without a jerk. On this form the pulp is fed upon the rear upper corner 
of the traveling belt and spreads its products out like a fan, according to their 
power to move down the slope. Since the belt is fed with a sorted product, the 
upper band of the fan will have the highest gravity ore ; the next band will have 
the next lower, and so on, down to the lightest tailings. These tables can yield 
heads, middlings and tailings, or they can make a three or four mineral sepa- 
ration. They differ from the slime tables in that they have an adjustable slope 
which adds one more variable for adapting the treatment to the ore. The slope 
may be diminished and the water increased, or vice versa. The slime tables, on 
the other hand, have a constant slope, and the quantity of water is the only 
possible adjustment. In regard to the thickness of the water-film, it remains 
constant on these tables from the feed edge to the discharge edge; whereas it 
diminishes on the convex tables and increases on the concave tables. 

The Brunton table was invented in 1840,^® and appears to have been the first 
traveling belt machine of any kind. The canvas belt, which was covered with 
either paint or rubber, traveled up hill at an angle that could be varied by 
means of jack screws at the lower end of the frame. On the under side of the 
belt were attached cross cleats, which bore upon longitudinal cleats fixed to the 
frame between the two end rollers. The belt travel was received through the 
head roller. Pulp was fed at about one-fourth of the distance from the ht‘ad to 
the tail, and wash water very near the head. The tailings were washed down 
the belt and off at the lower end. After passing over the head roller the bedt 
dipped, by its own weight, into a tank of water, where the concentrate's were 
deposited. In returning from this tank to the tail roller, the belt passed up 
over another roller carried on the under side of the frame. 

A canvas belt slime table is used in Mill 86 which i^- probably of this class. It 
has the advantage of the rough canvas surface (§ 503) together with continuous 
operation. 

The Uren table was used on native copper slimes at Lake Superior in the 
sixties. The rubber belt was 16 feet long by 3;j feet wide, and horizontal huigth- 
wise, with an adjustable slope from side to side, and mov(‘d on a plane surface 
between the end rollers. It was fed with pulp at the upper n^ar conu'r and 
with wash water along the upper margin. 

The Ferraris table*'^ has a plane rubber belt 0.7 m. (28 inches) wide, 1 m. ( 13 
feet) between centers of end rollers. The latter arc furnislied with wide* tlangc-^ 
to keep the belt in line. The belt slopes from one side to tlie otluT, is supporhMl 
upon four small rollers, and travels 6 m. (19.7 firt ) jmt minute*,’ iunng dn\(‘n 
by a variable speed friction pulley on the head-rolh^r shaft. It is feef with a 
sorted product at the upper rear corner. Wasli wati*r i^ apfilu'd by five* j(‘ts, 
which are nearly horizontal, and are directed across tlu. b(*lt. j(‘ls an* sfilicc'd 

ev-nly along the belt, and each jet strikes tin* b(*lt a litth* lowc'r'than its pred- 
ecessor. The water flowing off the margin from (aidi jet, is caught in a *<r‘p.irat(* 
hopper, and in this way the five jets give five products graded in rKhiie- 
At Monteponi, Sardinia, in working an ore tliat carru's galena, ('(‘rnisilc and 
calamine, the pulp fed to the table is thoroughly classific'd, and om* tahli* t reals 
liters of pulp per minute, amounting to about 3 tons of dry on* in 1 1 hours, 
using 60 liters (about 16 gallons) of wash water per minute. The table does 
quite as good work without any shaking motion as with it. The bell can be made 
long enough for two or even three successive treatments upon it. 

The Castelnau table^^ has a rubber belt traveling horizontally, sloping from 
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FIG. 401a.- 

—CANVAS PLANT AT MILL 78. 



FIG. 401Z;. — PULP DISTUIBOTOE AT MILL 78. 
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CENTUATI5S LAUNDERS AT 
MILL 78 . 
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one side down to the other. The length of the belt is 7.46 meters (24 feet 6 
inches) between centers of end rollers, and the width 1.47 meters (4 feet 10 
inches). The end rollers are 0.6 m. (2 feet) in diameter. The inclination is 
13^° more or less. The upper part is carried by 26 little rollers about 0.11 m. 
(4.3 inches) in diameter, the low6r by 5 rollers. The belt has a speed of about 
40 feet a minute. The belt is guided by longitudinal ribs which fit into groove^ 
in the end rollers. The machine is fed at the rear upper corner and treats 1 ton 
per hour. At Villefort, Lozere, France, treating quartz-galena ore, slimes with 
lead yield concentrates with about 52% lead. 

lb, INTERMITTENT SURFACE TABLES. 

The intermittent surface tables include the canvas, blanket and carpet tables ; 
the German sweeping tables; and the Cornish frames. They do not have the 
circular form or the revolving parts which permit automatic operation. They 
can be charged automatically, but the change to clear water washing and to the 
final sweeping or hosing off of the concentrates must be done by hand at stated 
intervals. 

§ 505. Canvas Tables are inclined rectangular tables covered with canvas 
(cotton duck). The pulp, to which clear water is added if necessary, is evenly 
distributed across the upper margin. As it flows down, the sizing action of the 
film operates more effectively than with the smooth table, as explained in § 503. 
When the meshes have become pretty well filled with concentrates the flow of 
pulp is stopped, the remaining quartz washed off with clear water, and finally 
the concentrates either hosed or broomed off. As the warp always projects 
higher than the woof, a piece of duck will offer more resistance by placing the 
warp across the table than down the table; on the other hand, a coarser duck 
laid lengthwise may have the same effect as a finer duck laid crosswise. Tlie 
great length of the tables, combined with the limited width usually adopted, 
makes it generally advisable to lay the duck lengthwise. 

The author found three methods of applying these tables to the re-treatment 
of vanner tailings in California: Mills 75 and 78 tn^at the firu' ovctIIow of 
hydraulic classifiers on canvas tables; Mill 79 fevds to canvas tal)les the ovi'rflow 
of riffle boxes, which in turn are fed with classilli'd vaniuT tailings; Mill 80 
formerly sent vanner tailings directly to canvas tallies, hut now us(‘s the same 
plan as Mill 78. In Colorado the author visited a mill which was sending the 
whole of the stamp pulp to canvas tabh's. In Mill 78 ('ach canvas tahh^ (st'c 
Fig. 401a) is 12 feet wide, 10 t'c(‘t long and slo[)cs M inclu's jau* foot (T"* 5'). 
(The wood surface on which the canvas is laid is 12 Icet sriuare, hid, tla* upper 
2 feet are covered by the distributor.) Tlu' c'anvas is No. (1 duck W()\eii all in 
one piece witli the warp laid (‘rosswise. It hi'-ts 8 months hol’ore reijini'ing any 
patching; and is then disc'arded ami rephu'i-d by new. ddie caiiMis is ^-lipped uj) 
a little every four or six weiks to reli(‘vt‘ it from tla^ wear duo (.) the joints of 
the board table bomaith. 

The feed pulp is divided at the ovin-llow of tlio four elassi tiers, each ovmdlow 
being divided into six equal parts and sent to si\ dithovnt tahlo-^ l-looh tahh^ 
has a distributor sm-h as siiowri m Kig. 101/;. At tlu' Fool of ilio (li\orging 
guides there is a littk* dam perforaltMl with hob*- 2 ln(•b«‘^ apail, for tlio final 
distribution of the ])ulp. Odi(‘ tables an* arranged in two row.s of twohr (ablos 
each. Each row has its own tailings launder, \\hil(‘ a oeiilral beads launder 
serves for both (see Fig. -102). The eentral !aimd(‘r, bowvNer, ha- a (lividiiig 
partition in it to serve as a splasli hoard, and to allow the eoiuM'iil rates from one 
side to be kept scqiaratc from those of tlie other in eas<‘ of need. l\w attmidant 
goes the rounds of the tables once an liour. IIi^ switebes the fei^d from two of 
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the tables to two extra tables, turns on clear water to remove some of the remain- 
ing quartz, then swings the tail boards into line and hoses off the concentrates 
into the concentrates launder, using a wide, flat, broom-shaped jet, which is 
much more effective than a com broom. The latter also wears the canvas much 
faster. When these two tables have been cleaned, the tail boards are again tilted 
up, the pulp shunted back and they go to work for another hour. He then 
treats the next two tables in the same way. The two extra tables are like the 
others, and these make a total of twenty-six tables to be cleaned every hour. 
The twenty-six tables are fed with 30 tons of pulp (dry weight) in 24 hours, 
assaying about $2.25 gold per^ton, and yield about two tons of concentrates, 
assaying $30 per ton. This product is enriched on a little end-shake vanner 
to 1,000 pounds, assaying $100 per ton. The plant requires two men during 
the day and one at night, the vanner not being run at night. Sizing tests which 
give an idea of the stuff treated by these canvas tables are given in Table 320. 

Mill 75 employs forty of these fine tables, but uses less slope (IJ inches 
instead of inches per foot) on account of the slippery quality of the talcose 
ore, which hinders the canvas from holding the pyrite on the steeper slope. Mill 
55 has recently added one of these plants. 

In Mill 79, after Mill 72^ the overflow from the riffle boxes treating the coarser 
portion of the vanner tailings is conducted to a rough form of classifier (see § 338) 
which delivers the pulp through 1-inch holes to i6 canvas tables. The lat- 
ter are each 39^ feet long, 20 inches wide, slope 0.7 inch in 1 foot 
(3° 20'), and are separated by partitions* 2 inches wide. They are 
covered with No. 4 Woodbury cotton duck, with warp laid lengthwise. They 
are washed off once an hour. After the pulp is shut off, clear water is turned on 
to wash off the quartz, and the heads are then washed off with a hose. While 
the clear water is removing the quartz from one table, the concentrates are being 
hosed off from the next. A canvas extension bridges the concentrates over the 
tailings launder to the heads launder. The use of a broom halves the life of 
the canvas. The overflow of the riffle boxes treating the finer portion of the 
vanner tailings goes to two rough classifiers, each for a bank of twenty-three 
tables, forty-six tables in all. These tables are 16-| feet long, 20 inches wide, 
and slope i inch in 1 foot (3° 35'). They also are washed off once an hour, 
and this is done by running clear water over the table and washing down the 
concentrates with clear water, aided by a broom. 

The sixty-two tables treat about 119 tons of riffle box tailings in 24 hours. 
The concentrates are caught in the second compartment of a settling tank. The 
settlings in the first compartment, consisting of the riffle box concentrates, are 
sent direct to chlorination works; those in the other compartments are enriched 
by a Woodbury end-shake vanner, and they yield in 24 hours 566 pounds assay- 
ing $100 per ton. This plant requires two men on each shift. 

Mill 80 had two banks of tables sloping toward each other, lilaeh bank con- 
tained 45 tables and each table was 42 feet long, 20 inches wide, net, with a 
board striy) 2 indies wide and 1 inch high between them. They sloped inches 
per foot (5° 20') and were covered with No. 8 cotton duck. This was protected 
from the wear of the feed sfream at the upper end, by a board 5 inches wide. 
The main launder, 14 inches wide and 11 inches deep, sloping 0.19 inch per 
foot (0° 55'), divided into three parts. Each of these again divided into two 
parts. One of each two parts, or a total of three out of the six parts, went to 
the near end of the mill ; the remaining three parts bridged over to the far end. 
The remainder of the distribution for the near end was conducted as follows: 
Each of the three parts divided into five, and each of these discharged into a dis- 
tributing box 64 inches long, 14-^ inches wide at top, 8 inches wide at bottom, 
19 , i-nphpR deen. feediner three tables, each through one hole. The distribution 
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for the far end was similar. At the foot of the tables, three launders ran across 
the mill, a tailings launder for each bank of 45 tables, and between them a 
single heads launder, or heads tank as it was also called. When cleaning ofE the 
tables, the concentrates were bridged across the tailings launders by wooden 
chutes. The tables are washed off once in two hours. The attendant has the 
pulp shut off two tables at one time; clear water is flowing over one of them to 
remove the quartz, while the other is being swept down with a corn broom aided 
by clear water. At the end of about 5 months the canvas is so much worn that 
it ceases to catch well, and is therefore turned over. At the end of another five 
or six months it is discarded, dried and burned, the ashes being worked for gold. 

The 90 tables treat 410 tons of vanner tailings (or 4 tons, 1,100 pounds each) 
in 24 hours, assaying 60 cents per ton; yielding 3,000 pounds of concentrates 
in IsTo. 1 settling tank, worth $45 per ton, and 238 pounds in No. 2 settling tank, 
worth $60 a ton, with about 408 tons of tailings assaying 40 cents a ton. At 
the time of the author's visit, it was thought that the plant was overworked 
and that 120 tables would be the proper number to do the work. Since then a 
plant like Mill 78 has been substituted. 

Eittinger's duck tables (Ooldrinnen) arc 9 feet long, 15 inches wide, sloping 
1 inch to 1 inches per foot, the heavier the mineral the more the slope. They 
are cleaned after one or two hours' work, the canvas being taken up, rinsed in 
a tub and replaced. The capacity of each table is 0.5 to 0.7 cubic foot of pulp 
per minute. One boy tends ten to fifteen tables. 

The following figures show some measurements of water films on canvas tables 
in Mills 78 and 80. 

MILL 78.'^® 




1 

Thickness of Film. 


Length 

of 

Table. 

Sloj)e 


Seconds for Wave 
to Ti avel 10 Fe t. 

1 Foot from J lead j 

[ 1 Foot from Tail 



Crest. 

Tiough 

Crest. 

Trough 

Table. 

Tables 

7.8 to 8.2 

Inches 

0 0(57 

Ineh(‘s 

0 0.50 

Ineh<‘s. 

0 000 

Inches 

0 010 

Ft‘et 

10 

7® 5' 

Tables 

05 

0 0153 

0 (riO 

0 070 

0 015 

10 

7° 5' 

Tables 

65 

0 005 

0.0.50 

0 07.5 

0 015 

10 

7® r/ 

Table 6 

6.5 

0 005 

0.0.50 

0.078 

0 015 

10 

7® r/ 


Note.— A t the head the wave was 5 inches long from cre.st to crest, at the tail it was lii mefu's 'I lit* tiret 
set of figures from each table were taken jubt after turning on the feed pulp; tlin second set juHt heforo turn 
ing off the pulp. 


MILL 80. 



5 Inches from Head 

3 Indies from Tail 

T.ength 
of Tabic 

Feet 

12 

•12 

Sl< »pe 
of Tallin. 

Crest 

Trough 

Crest 

Trough 

Table A 

Table B 

Inches 

0 10 

0 It 

Inches 

0 00 

0 13 

Inches 

0 11 

0 I(j 

Inches 

0 10 

0 1.3 

,5® 2( 

5® 5o' 


Note.— T able A was considered tnliave tiio liltle water iipim i(, Inhie II was workmc well On table B a 
wave took 17 seconds to go the length of the table, a splmtei ot wood look I'.i .seeoinl.s 

Cocoa Matting lius i'('(‘('n(ly conic iiilo coiisKlcnililc [ironmicncc m coniiccl lou 
■with the recovery of gold from iiiodcni river iind oilier pliieer deposits. 'I'lie 
gravel is first screened, usually iii a Irommel nnimog on rollers .'ind provided 
with an internal .spray pipe. The screen sends llie eoiu'M'sl gravel (o wasle, and 
generally, soparaics the remainder inlo two or mort' sizes wliieli Ihen pass' over 
long rectangular tables upon which the matting is laid. 'I’lio eoiirsest gravel 
delivered to the tables vanes from a maximum ot I f inebes to .1 int'h diamtder 
or less. In order to catch any gold that may sift tlirougb the matting, cotton 
or linen cloth is laid under it. The matting is held in iilaet' bv side eleal’s wliieh 
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are fastened with wedges. To aid in catching the gold, expanded metal riffles 
(see § 510) are commonly laid on the matting. In some cases wire netting is 
used instead of expanded metal. As an example of the tables that are used, 
we may quote the Earnschleugh No. 2 dredge, which is at work on the Molyneux 
Eiver in Otago, New Zealand. These tables are each 3 feet wide and 13 feet 
long. The matting is put on in 4-foot lengths for convenience in cleaning up. 
The method in general use for cleaning consists in taking up the mats and cot- 
ton, and rinsing them in a tank of water. When sufficient washings have accu- 
mulated, they are carefully re-treated on a table 12 feet long by 20 inches wide, 
covered with plush, baize, blanket or matting, and the gold that is finally rinsed 
from these is collected by panning, either with or without mercury. This sub- 
ject will be considered more in detail under Mills 51 and 52 in Chapter XX. 

§ 506. Carpet Tables. — Mills 62 and 76 use carpet tables, following the 
amalgamated plates and preceding the vanners. Mill 62 uses Brussels carpet 
3 feet long, 56 inches wide, sloping 2J inches per foot, divided down the center. 
The amalgamated plates are dressed every four hours and the carpets are re- 
moved and cleaned at the same intervals. The carpet is cleaned by rinsing it 
in a tank of water to remove the rusty gold, rich pyrite, included grains and 
foul amalgam adhering to it. In Mill 76 Brussels carpet is used, 16 feet long, 
56 inches wide, sloping about 2 inches in 1 foot and divided down the center. 


TABLE 325. — CANVAS, BLANKET AND CARPET TABLES. 
Abbreviations —Ft =Peet; In =Inches; No =Number. 


Kind 

of 

Table. 

Length 
Ft. In. 

Carpet 

3-0 

Canvas 

10-0 

Carpet. 

16-0 

Blanket 

3-6 

Canvas 

10-0 


10-0 


10-0 


39-6 

ki 

16-6 


42-0 


Destination of 

Concen- 

Tail- 

trates 

mgs. 

(0 

(r) 

ii) 


(fc) 

Ir) 

(m) 

(s) 

im) 

is) 

(w) 

'S) 

(m) 

S) 

im) 


(o) 

'0 

(o) 

<s) 


Mill 

No, 


75 

76 

77 

Tsj 

79] 

80 

86 


Width. 
Ft. In. 


(v)4-8 

12-0 

(v)4-8 

1-8 

12-0 

ia-0 

12-0 

1-8 

1-8 

1-8 


Slope 


Inches 

per 

Foot. 


Degrees 


(;0| 


I 


10® 35' 
5® 65' 
h 9® 30' 
9® 30' 
7® 5' 
5® 20' 

’ 3 ® 20' 

3® 35' 
5® 20' 


Surface. 


Quality. 


Brussels carpet. . . 


Brussels carpet. . . 

iWool blanket 

No. 6 Cotton duck 


INo. 4 Cotton duck. 
No 8 Cotton duck, 


Life. 


12 months. 
8 months. 


10 months. 


Feed 


(а) 

( б ) 
(a) 

(а) 

(б) 

ic) 

id) 
(e) 
(/) 


Tons 
Treated 
per Table 
in 24 
Hours. 


10-15 


7.5-12 5 


1.9 

4.55 


Ip from amalgamated plates (h) Overtlovv of ■ * 
of special vanner (e) Coarse rifile-box taili'.ti ■ 


tailings (p) Vanner 


(o 

tailings, \n) Ti) Clea'iVup b‘a^^ (w) 'Special vanner. (o) Cyanide*' leaching. 

(7) Valuers i,*:; \\ .i'll!' 1 / Vrrastra. (y) Partitioned down the center. 


Blanket Tables. — In Mill 77, woolen blankets arc used, 42 inches long, 20 
inches wid(' laid on a slojie of 2 inches in one foot. They are fed by pulp from 
amalgamatc’d plate and trap. The blankids are cleaned by rinsing every two 
to four hours, at'cording to the richness of the ore. The rinsings are ^-acked and 
shipped to smelter; the tailings go to concentrators. The blankets cost $1 each 
and last 12 months. 

The (li-’iiM.AN SwEEi'iNc Table, as described by Rittinger,^' lias a plane wooden 
surface 12^ feet long, 4 feet wide, with slope to suit the work, as follows: 



1 

Slope. 

Cubic F<*et Pulp 
per Minute 

1 '■ 1 

Boimds Sanil 

1 oot of I 

"Vasb Water. 

■ per Minute 

Coars(*st slimo 

10 “ to 12® 

0 3 to 0 5 

15 to 25 

0 0 

FiursL slime 

5° to 6® 

0 08 to 0 12 

5 to 8 

U 15 


Tt is fed for four niinules with pulp distributed across the upper end; the feed 
pulp is turned ofi and the wash water continues for two minutes; then the eoneen- 
trates are swept off with a broom. During the charging and washing periods 
any banks that may form, which tend too much to hold back the lighter minerals. 
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are distributed by a broom; and any gutters^ which tend too much to carry for- 
ward the heavy mineral, are checked by sweeping against them. During the 
four minutes of charging, the tailings drop into the tailings launder ; during the 
two minutes of rinsing, a short bridge conveys the middlings to their launder, 
and during the brooming a long bridge conveys the heads to their launder. 
The use of a table calling for so much labor as this, is confined to separating the 
minerals in an already concentrated product; for example, the separation of 
galena from pyrite or blende. 

Cornish ^‘Frames” are used for washing fine slimes in the Cornish tin works. 
They are plane, rectangular wooden surfaces, and are built tandem, so that the 
tailings of the first table are re-treated on the second. After the pulp has fiowed 
over the tables for a few minutes, the tail boards are turned up so that each table 
will discharge into a special concentrates launder; and clean water is applied 
at the same time, to wash down the accumulated concentrates. The lever that 
tilts the tail boards is connected, by a rod, to the lever that turns on the water, 
so that the two operations are performed together. When the concentrates have 
been washed down, the tail boards are returned to their original positions and 
the operations repeated. The changes are made either by hand, or automatically 
as follows: A small, triangular box, into which water slowly runs, is so placed 
at the head of each table that when full it overbalances and quickly discharges 
its contents upon the table. These boxes are connected to the tail boards by a 
rod and levers, so that in turning over they turn the tail boards at the same 
time. The levers are so weighted that the tail boards and boxes return to their 
original position after the water is discharged from the latter. 

II. BUILDING TABLES. 

§ 507. Building tables, or buddies, are stationary washers for sand or slime, 
in which the ore gradually builds up until a bod 10 or 12 inclu’s deep has accu- 
mulated.* The washing is then stopped and the products clean(‘d out. The 
building up of the sands is regulated by adjusting tlic tail board wliicli prevents 
the ore rolling off the table. Buddies, like surface table's^ must be fed with 
classified products, and when feeding begins the action is the same as on a sur- 
face table; but as the material builds up, the sizing takes place upon a bed of 
more or less moving sand instead of upon a solid surface. Ilowcwer, aficr the 
building begins, the action continues uniform, so that the finer grains (heavy 
mineral) are deposited near the feed, and the coarser grams (light miiuTal) at 
the tail. Buddies have a quality which the surface tables do not jiossess, naiiK'lv- 
the finer particles nearer the head form a compnrativ(‘ly smoolh surface* on 
which the large grains easily roll, while the coarser grains nearer the tail furnish 
a rough surface. Each grain, therefore, has conditions of curn'nt and of sur- 
face suitable for stopping it at its proper place. The buddl(‘s avo made ('onv(‘x 
conical, concave conical and rectangular. 

The Round Convex Buddle shown by Rittinger (Figs. 10;iu and has 

a feed cone with 3 feet radius, 18° slope, and with it*^ outer edge D to 12 inches 
above the washing surface. The radius of the tail board of tlie buddle is 10 fi'ct, 
^ving a radial length of 7 feet for treatment. Tlx* tail board is irndic's to 12 
inches high. A launder is placed around the Imddlc to carry off the waste water. 
The bottom is laid upon sixteen rays of timber fastemed to a central post, and upon 
1hcse are nailed the bottom boards matched together as chords around the circle. 
The boards so laid are then planed to a true conical surface. A nwolving conical 
f eed hopper, fed by a fixed launder above, distribut es the pulp to tlie feed cone, 

* The term buddle is also used to desiguate a surface sizing table, but the author prefers to confine its 
use to the class here described. 
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§ 507 

and upon the surface of the latter are distributing blocks for evening the feed. 
Two revolving arms with little drums, with crank, ratchet and pawl, serve to regu- 
late the height of the suspended sweeping bars. The latter are supplied with 
birch or com brooms, or canvas sweeps. The central shaft stands upon the cen- 
tral post and is driven by beveled gears and pulleys. It revolves 10 to 12 times 
per minute. The brooms being properly set, the feed water is started, and the 
sand is shoveled into the feed box. The brooms level up the gutters and ridges, 
and compel even settling. The formation of the building cone is watched, and 



FIG. 403b. — PLAN OF A CONVEX BUDDLE. 


if the sand builds too fast at the upper end it shows that the pulp is too thick, 
or that it is not fed in sufTicMont quantity. If the sand settles too thick below, it 
shows that the pulp is too ihin or that it is fed in too groat quantity. As the bed 
fills up, plugs are inserted in the perforated tail hoard. When charged, the 
overseer tests the quality, if necessary, and marks off the different products in 
circles. The attendant then shovels each concentric product into its pile or bin 
or, if waste, to the waste launder. Hittinger gives the capacity as 180 pounds 
of coarsest slime or 80 nounds of finest slime tdry weight) per minute. 
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Mill 11 has two convex buddies 11 feet outer and 3 feet inner radius, and 1 
foot deep, with a central conical distributor. It has four horizontal sweeping 
arms. On each of two opposite arms are two strips of duck, 2 feet by 3 feet, 
for sweeping the head and tail of the slope ; on the other two arms are single 
strips, of the same size, for sweeping the center of the slope. In front of the 
two arms with two sweeps are spray pipes for adding clear water. The arms 
revolve eight times per minute. The ore is shoveled into a box at the side, into 
which water flows. The pulp is conveyed by a launder to a central distributing 
cup and thence, by four spigots, to the 6-foot distributing cone. There are two 
of these buddies doing different work. No. 1 is fed with sludge which has passed 
through a 1-mm. round hole, IJ hours being required for charging. It makes 
waste and three grades of middlings. No. 2 treats middle products from No. 1 
and also from a rectangular huddle. This No. 2 huddle makes four products: 



FIG. 404 a. — VERTICAL SECTION OE RECTANCII L \ R 
BUDDLE. 



FIG. Ai)\b. — PLVN OF iccrwci l.\R in'DDI 1, 


(1) Lead ore accuniiilatc'd and re-run for galena; (‘i) iii.iikel hleiide; ())) mid- 
dlings returned; (1) \va^((‘. 

The Rocfni) (''oncwe Huddle sliouu by IMlinger In*- IIk* ".inn* dinieii^mii"' Jiml 
slopes of treatment surface as tin* c'oiuex. ^riie innei i.idiii^ i- d h'l (, (lie older 
is 10 feet, but it slojies towaid tlu‘ ceiitm*. It luis lom -wiepiiig anii^ with 
brooms of regulah'd lenglit, and these aims aie also I.miidtis wlmh bed th(‘ 
pulp from the center di'-tribiitmg cone to tlie sloping ['n d .ipion .iioiiiuJ tlii‘ c ir- 
cumference. Idie capacatv and mod(‘ of legidating aie .d)oiit the s.nm* as for 
the convex huddle. Tlie sinu' <omp,iriM)n that uas m.idi‘ in i; dOO l)(t\\(‘en con- 
vex and concave slime tables, bolds hen‘ for the* con\e\ and conc.iNi* buddies. 

The RECTANcnri.AR Huddi i: ‘-boun by IHttingm* ( bdgs. lop/ .md l()l/>), is d 
feet wide and 12 feet long, with emds and sides i foot Ingli 

The right quantity of watc'r, found by experience, is tiiim'd on, and the sorted 
ore is shoveled into the feed trough, ancl flows on tli(‘ table. A broom, sbowm in 
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PIG. 405. — FINISH ANGLES OF QUARTZ AND GALENA, ON A SIZING SUR- 
FACE, FOR GRAINS THAT FALL IN OUIET WATER, AND RISE IN AN 
UPWARD CURRENT OF 1.25 MM. PER SECOND. () — (; M.ENA OF 
0.0194 MM. DIAMETER, X = QUARTZ OF 0.0301 MM. DIAMETER. 



Angle of slope. 
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Pounds of water pei naiiiuto on one foot of wiatti. ^ 

X TJie angles for gilena with, this quantity ot water, wote all above 20°oxcept the one plotted 

FIG. 40r>. — FTNTSir ANGLES OP QUARTZ AND GALENA, ON A SIZING SUE- 
PAGIO, FOR GRAINS THAT PALL IN AN UPWARD CURRENT OP 1.25 
MM. PER SECOND, AND RISE IN AN UPWARD CURRENT OF 2.5 MM. 
PE1{ SECOND. O == GALENA OP 0.0198 MM. DIAMETER, X =zz QUARTZ 
OP 0.0335 MM. DIAMETER. 
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The table experiments were made on a table that had a ground 
plate glass surface (see § 877) This table could be supplied with 



no 4 OS 1 lNnsIlAN(IlS01 Ql\ll/ANI)OVIINV OMA SI/INC SI U 

I A( I roli ( I.AINS J UAL I \l I INT AIST L I VVVkr> ( URlir m 01 10 M\r 
I I k SI CONI) AND 1 ISl JN AN I I \V-\kI) CL kkl Ni Oi 1 5 1^1 III 
SI ( ONI) O =r ( \l I NA Oi 0 0613 MM DlAMLiLU, X z:z QUAUr/ OF 
0 1131 MM 1)1 VMl n R 

niy desired (luuitity cl water distributed across its head, ind could 
]jo set i ni^ in^k ol -lope Lxpemneiits wcic tiucl up ii cacli 
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slime sort with, a great number of water quantities, beginning with very little 
and increasing for each test. In each test, after gauging the water to the de- 
sired amount, the table was set horizontal and a small quantity of the slime 
sort was spread out upon the surface in such a way that there should be the least 



Pouutl3 of Wcitor por mi unto on one foot of width. 

FIG. 409. FINISH ANCLFS OF QUARTZ AND OMdlNA, ON A SIZING SUR- 

FACF, FOR GRAINS 1 HAT F\LL IN \N URVV MU) GURURN'I OI< -40 MM. 

PER SECOND, AND IHSE IN \N lIPWMU) CURRENT OF 10 MM. PER 
fiE('ONI). 0 = GALEN\ OF O.lOOf) MM. DIAML'IER, X QUARTZ 
OF 0.8416 MM. DIAMETER. 

possible interference of the grains with (‘Jieli other. Th(‘ slope was tluai gradu- 
ally increased until four events took place: (1) The first (piartz grams start(‘(l; 
(2) all the quartz moved ; (3) tlie first galena grains started ; (1) all tlu‘ gahma 
moved. The angle of slope was measured and reeordt'd for (‘aeh of the four 
events. The two angles at which respectively all of the (jiiartz and all ol the 
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galena moved, that is to say, events (3) and (4) (which will be referred to as the 
finish angles) are considered to be the most important measures. As a rule 
three experiments were tried with each water quantity, upon each sand or slime- 
sort. Tables 326 and 327 show the largest finish angle obtained for quartz and 
the smallest for galena. These angles have been chosen to bring out the least 



no. 410. — FINlSir ANGLES FOR QUARTZ AND GALENA, ON A SIZING SDR- 
FACK, F()I{ GRAINS THAT FALL IN AN UPWARD CURRENT OF 40 MM. 

PER SE('ONl), AND RISE IN AN UPWARD CURRENT OF 50 MM. PER 
SECOND. O = GALENA OF 0.1404 MM. DIAMETER, X =: QUARTZ OF 
0.3880 MM. DIAMETER. 

advantageous conditions found. The finish angles of all three experiments are 
plotted in Figs. 405 to 411. The little end of the series of water quantities for 
small grains was where the water failed to cover the table; for large grains it 
was where events (2) and (4) oecurri'd at nearly the same angle. The large end 
of the series for the finest shme-sort was where events (2) and (4) took place 
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together; and for the others, it was where the water quantity was absurdly largo. 

It will be observed that the method employed was to measure angles, films, 
etc., at the moment when a body at rest began to move. If the opposite plan, 
namely, to measure angles, films, etc., when a moving body came to rest, had 



* Tile angles for galena, 'Witli tills quantity of water, wore all above lir 

FIG. 411. FINISH ANGLFS OF QUARTZ AND (iMJCNA, OX \ SfZIXO SOR- 

FACE, FOR GRAINS THAT FAI.L IN AN III*\V\RI) cnRRKN r OF I'lO MM. 

PER SECOND, AND RISE IN AN UPWARD CURRENT OF 'll) MM. PER 
SECOND. O GALENA OF 0.11)07 MM. DIAMETER, X izz QUARTZ UF 
0.5892 MM. DIAMETER. 

been adopted, it would have represented more e.xaetly wliat liaiipcns upon a 
convex conical slime-table. The diflicultics of makiii^^ tlie t(‘sts hy Iho hitler 
method caused the selection of the former. Tlie ditference in results is that the 
figures for angles given in the table are slightly larger than they would he if the 
coming-to-rest method had been employed. 

In examining the starting-angles of galena and ciuartz it was noticed that the 
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first grain of galena often starts at an angle smaller than the finish-angle of 
quartz y but for several reasons this is not as serious a matter as might appear. 
First, there were only a few light grains of galena that started before the last 
of the quartz; secondly, they moved slowly, so that the quartz easily overtook 
and left them behind ; and, thirdly, the occurrence was confined to those experi- 
ments that were near the least water-quantity, and therefore outside the range 
of the best working conditions. 


TABLE 326. — GALENA EINISH-ANGLES, AT WHICH ALL THE GRAINS MOVE. 



Pounds of Water per 
Foot of Width per 
Minute. 

Millimeters per Second of Current which Lifts the Particles. 

1.25 2.5 5 0 15 40 50 70 

Millimeters per Second of Current in Whicli the Particles Fall. 

0 1.25 2 5 10 30 40 60 

Quartz Finish-Angles (Maximum of Three Trials in Most Cases). 

0 5 

4® 

3“ 20' 

1® .55' 

3® 45' 

11° 05' 

7® 30' 

8® 40' 

1.0 

8° 40' 

2“ ;i5' 

2° 25' 

8° 25' 

7® 80' 

5® 20' 

5° 25' 

15 

2° 80' 

2° 50' 

2® 05' 

8® 15' 

4® 20' 

3® 25' 

4® 10' 

2 0 

2° 40' 

2° 30' 

2® 20' 

8° 00' 

3® .50' 

8® 10' 

3® 15' 

2 5 


2“ 20' 

2® 00' 

2® 35' 

3® 30' 

8® 00' 

3® 00' 

8 0 

P 05' 

2® 35' 

2® 00' 

2® 40' 

3® 10' 

3® 10' 

2® 45' 

8 'I 


2® 05' 

2® 05' 

2® 85' 

3® 00' 

2® 55' 

2® 50' 

4 0 


2® 15' 

2° 10' 

2® 40' 

2® .50' 

2® 50' 

2° 35' 

4 Ti 


2® 1.5' 

2® 10' 

2® 45' 

2® 50' 

3® 05' 

2® 50' 

5 0 

0° 50' 

2® 15' 

2® 00' 

2® 25' 

2® 50' 

2® 45' 

2® .55' 

r» r» 


2® 00' 

2® 15' 

2° 45' 

3® 05' 

2® .50' 

2° 4(y 

<; 0 


P 35' 

2® 20' 

2® 05' 

3® 05' 

8® 00' 

2® 40' 

(5 5 


oo 00' 

2® 10' 

8® 1.5' 

3® 25' 

2® 50' 

3® 10' 

7 0 

P 05' 

2® 05' 

2® 00' 

2® 40' 

8® 30' 

2® 5.5' 

3® 1.5' 

7 5 


P 55' 

1° 40' 

2® 05' 

8® 05' 

2® 50' 

8® 05' 

HO 


P 40' 

P .8.5' 

2® 00' 

3® 80' 

2® 55' 

8® 10' 

H 5 . . 


2® 45' 

2® 00' 

1° 50' 

3® 30' 

2® 50' 

8® 25' 

0 0 

' ‘ ’ 0° V)0 * ’ ’ 

P 20' 

1® 40' 

1° 40' 

3® 15' 

2® 45' 1 

3® 25' 

0 5 


1® 35' 

1® a5' 

2® 05' 

3® 10' 

2® 45' 

3® 15' 

10 0 


2® 1.5' 

1® 45' 

2® 80' 

8® 10' 

2® 25' 

2® 4.5' 

10 T) 


1® .50' 

1® 50' 

2® 10' 

2® 1.5' 

8® 05' 

3® 80' 

11 0 


P 30' 

1® 20' 

1® 40' 

2® 0.5' 

2® 45' 

4® 00' 

1 1 .5 . . 


1® 1.5' 

1® 25' 

2® 05' 

2® 40' 

2® 20' 

3® 05' 

12 0 


1® 45' 

1° 50' 

P 85' 

1® 35' 

2® 10' 

2® 45' 

Iti 5." 


1® 30' 1 

1° 55' 

P 50' 

2® W 

2® 20' 

2® 40' 


In each of the above experiments the thickness of the water film was measured, 
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each time that the slope of the table was measured, by means of a special gauge 
(see § 884). When the film was broken into waves, both the crest and the 
trough of the waves were measured. In order to get average values, these meas- 



ures were all plotted, each plot representing a single rate of flow, and average 
curves were drawn. The complete set of average values is given in fl’able 328. 

1 T . . . , “ 
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grains, and hence the figures may be a little smaller than on a table that had ore 
on its entire surface. From the figures in Table 328 the average depth of the 



FIO. 413.— IIEIGTIT OP WAVE ON A SIZING SURFACE, IN PER CENT. OF 
THE HEIGHT OF THE TROUGH. 

water has been calculated oy assuming it to be the height of the trough plus 
— 4-1.;, ;i 4-1.^ iini'n-Vif n-P +Vip pTp^t and these averaere thicknesses are showii 
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in Fig. 412. The film is practically always broken into wavcs;, and these have 
the effect of moving the ore faster than otherwise, the wave in fact acting for 
an instant like a thick film. The formation of waves varies with the quantity 
of water and the slope, as is well shown in Fig. 413. The lines marked 10%, 
15%, 20% and so on, trace out that part of the field where the crest is elevated 
above the trough to a height of 10%, 15%^ 20%, and so on, of the thickness of 
the trough. 

TABLE 328. — ^AVERAOE THICKNESS OE WATER FILMS ON SLIME TABLES, IN INCHES. 


Pounds of Water per Minute Flowing over 1 Foot Width of Surface. 


Slope of Table . 

0.25 

1 0 5 

1 
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1 

•i 
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4 

e 

s 

1 

1 

u 

0 
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1 

£ 

0 

P 

.067 

.OIS 

.037 
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.029 
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.028 

. 02s 

.028 

ca 

s 

0 

xa 

to 

p 

2 

4J 

CO 

2 

0 

i 

p 

Qo 15 ' 


.100 

018 

.014 

012 

..'11 


.085 

.024 

.019 

.018 

.017 

.016 

.015 

.015 

.014 

.013 

.012 

.012 

.011 

.010 

.010 

.009 

009 

.008 

.008 

.007 

.007 


.070 

.030 

.024 

.021 

.020 

.020 

.019 

.018 

.017 

.017 

.016 

.015 

.014 

.013 


.065 
.041 
.082 
.027 
.024 
.023 
023 
.022 
.022 
.022 
.021 
! 021 


’. oiio ’ 

.047 

.047 

.017 

047 

.048 

.130 

.060 

.047 

.040 

.035 

. o ; i2 

.029 

.028 


. 150 ’ 
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.049 

.040 

. oa5 

.034 

.033 
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.041 

.039 

.039 
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.040 

.040 

.041 

. 0.“>2 

.048 
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.017 

.047 

3® 
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.031 

.031 

.032 

.032 

.o;i 2 
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.032 

.032 
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.021 
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.022 

.022 
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.024 

.025 

.025 

.026 
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. 0x0 

.010 
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.010 


6 ® 
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.009 

.009 

.009 

.009 
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.016 
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Pounds of Water per Minute Flowing over 1 Foot Width of Sinluci* 


Slope of Table . 

9 

11 
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13 
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Trough 
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BO 

0 

xa 

to 
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2 
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200 
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1® 
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OM 
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mo 
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2® 
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a® 
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!o 49 

0.55 

0,53 
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4® 
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.050 
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0.52 
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017 


1 0.50 

0 (iO 

01 16 

075 
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041 

016 

013 


017 
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061 
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6® 
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.036 
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017 

Oil) 

Oil 
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0 1.5 

0.51 

0.5H 


7 ® 



047 

((37 

015 

03K 
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034 
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The average velocities of the eurronts obtained iti tlie evperinieni'-’ }ia\e been 
computed, upon the assumption that the avm’agi* iliiekness of the lilni is ('(|ual 
to that of the trough plus one-third of ilii* iliileriniei' betueeii (he Irouaii aiul 
the crest, and are given in Table and Fig. Il-i. ’^I'liese ligmcs guc ii\erage 
velocities, and do not show either the slow bolbiiii euneiit or llic quick tiip eiiT- 

rent. Pig. 413 indicates lliat with 'll pounds of water per lloumg mcr 

each foot of table width, and witli a slope of 1 ° :h)', the vidoeitv would be o itielios 
per second, and that tlie same velocity would oeeur with f).', [loiiinls of water on 
a 3° 30' slope; but the bottom velocities may be quite dillVrent in the two eases, 
because one of the films is 50% deeper tliaii the other, lie, ice the two sets of 
conditions may suit auito different qualities of sand. 
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§ 509. Discussion of the Experimental Eesults. — By examining the curves 
of quartz^ and galena we see that they all drop from the left where the water 
quantity is small^ the galena being considerably higher than the quartz. The 
quartz curve then runs in nearly a straight line to the rights where the water 
quantity is large. ^ The galena runs part way across nearly parallel to the quartz 
and then rises up into high angles. The galena curve may be said, therefore, to 
have a peculiar sag in it between 5 and 10 pounds of water. The wave curves 
(Fig. 413) appear to account for this sag in the galena curves, as the former 
have a sag which corresponds to that in the galena curves, showing that the 
waves serve to start the galena moving at lower angles than it would move with- 
out them. The only exception is the curve of galena for grains which rise in 
1.25-mm. current. In this the quartz and galena are washed off together at very 
low angles when the water is more than 4 pounds. 

The Choice of Slope for a Table . — If the quartz finish angle is assumed to be 
the right one for tabh's then it is clear that the wider the space between the quartz 
and gahnia curves the better will the separation be. This indicates better treat- 
ment with less than 5 pounds of water or with more than 10 pounds than between 
the two. ^riie latter (ield, however, is not so much behind the other two in its 
work as tlie curves might imply, because the galena is practically not moving at 
all wlien the quartz is nearly all rolling. If, on the oiher hand, the finish angle 
of galena be (-hosen as the right one for tables, then the discrepancies between 
th(‘ three fields, namely, below 5 pounds, between 5 pounds and 10 pounds, and 
above 10 pounds, would ])robahly disappear altogether, for whatever effect the 
wav('s had in luirrying the galena off the table with 5 to 10 pounds of watm* 
would hurry off the (piariz still faster. If the quartz angle be chosen, the quartz 
will in()V(‘ away leaving the galena stationary. The aet is like that of a boat 
sailing away from her moorings. The separation is made by the departure of 
the quartz from company with galena. If tire galena angle is used, a race is 
initiat('d in which the quartz beats. The two catch words ‘^departure"’ and 
‘"race” seem to expn^ss the diflerenee in principle between the two methods. 
The capacity of a talilc witli the quartz angle will be much less than with the 
galena angle, as the particli‘s will move down the slope much more slowly; and 
tlie concentrates are apt to be less clean, because the solid bank of galena tends 
to entangle grains of quartz except with large quantities of water. 

The following table, compiled from Tables 326 and 327, shows a suggesfe.d 
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grouping of sand and slime sorts that are probably suitable for separating ehal- 
copyrite (specific gravity 4) or blende (specific gravity 4) from quartz (specific 
gravity 3.6). When galena (specific gravity 7.5) is to be separated from quartz, 
probably two groups, 33 — 1.35 and 1.35 — 0 mm. per second settling velocity, 
will be all that are needed, instead of the last three shown in the table. Com- 


SUGGESTED CLASSIFICATION OF SLIMES FOR SLIME TABLES. 



Diameter of 
Grains. 

Currents in which 
Grains Settle. 

Pounds of Water per Minute per Foot of Width. 

IH 

2 

4 

5 

6 

12 

Mm. 

Mm. per Second. 

Slopes at which all Grains Roll. 

Quartz 

Galena 

Quartz 

Galena 

Quartz 

Galena 

Quartz 

Galena 

0.25-0.589 
0.119-0.199 
0.0911-0.25 
0.047-0.119 
0.0335-0.0911 
, 0.0198-0.047 

0-0.0335 
0-0.0198 

[ 82-70 -j 

j 1.25-9 ] 

[ 0-1.25 1 

4® 20' 
9® 65' 
4® 20' 
70 20' 

8’ IS' 
2® 80' 
18® 20' 

3® 50' 
9° 00' 
3® 50' 
7° 10' 
8® 00' 
10® 6(V 
2® 40' 
7® 50' 

2® 60' 
6® 10' 
2® 60' 
4® 45' 
2® 40' 
5® 00' 

2® 55' 
6® 05' 
2® 60' 
4® 15' 
2® 26' 
6® 05' 
0® 60' 
0® 60' 

3® 05' 
4° 15' 
8® 05' 
4® 00' 
2® 20' 
5® 10' 

2® 45' 
6® 10' 
1® 85' 
6® 10' 
1®50' 
7® OS' 


paring the above figures of slime sorts with those used in the mills, we find that 
the mills treat together all the ore that will rise in a current of 35 or 30 mm. a 
second, and they do this with chalcopyrite as well as with galena. Comparing 
the figures in regard to slope, we find that in the mills the galena finish angle, 
or an angle a little steeper, is the one which has been empirically settled upon. 
We do not find in the mills, however, the chief law which seems to be established 
by these tests, namely, that with coarse sand sorts we need gentle slope and much 
water, while with fine sand sorts we need steep slope and little water. The ex- 
periments suggested the following as probably the best slopes and water quanti- 
ties: 



Slope. 

Water Quantity per Foot of 
Cl rcMi mferonct*. 

For coarse pulp, 82-70 mm. settling velocity 

2® 45' 

6® to 6® 

8® to 10® 

12 pounds. 

5 to (} pounds. 

2 pounds 

For medium pulp, 1.25-^ mm. settling velocity 

For finest pulp, G-1.25 mm. settling velocity 



The coarse sand sort (33 — 70 mm. settling velocity) is put in iho table be- 
cause of preliminary experiments which the autlior beli(‘vcs sliow tliat such a 
sand sort may in some cases be advantageously treated upon a slime table. His 
tests indicate that with 13 pounds of water or more, the speed witli which th(“-e 
coarse grains move is so great that the quartz finish angle is tlic one bc^st suited 
for their treatment. This might be used for phosphates, pyrite, or any mineral 
of not too high value which had to be treated in large quantity, where water was 
abundant or could be cheaply pumped. 

It will be noted that the experiments were made upon a rectangular plane 
table, while the mills employ convex conical tal)I(‘s; and it may la* said that on 
the rectangular table there is not the change in depth and velocity of watiT that 
occurs in passing from the center to the eircumferenee of a conu'al talile. Tins 
change, however, is very slight, for a distance of one or two feet next to the cir- 
cumference; and if the water is adjusted for this portion of the table the condi- 
tions will be nearly the same on a convex as on a plane table. 

D. Eiffles. 

§ 510. The term n^es has been used indiscriminately, to designate citlior the 
blocks placed in a trough or sluice to hold back heavy minerals, or to designate 
the pockets between the blocks. In the following pages the pockeds an' called 
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the rifiSes, and the blocks are called riifle blocks. When a stream of water^ carry- 
ing sand and gravel, passes over riffles the agitation due to the current softens 
up the deposit, and the quartz, being lighter, rises and is carried along by the 
current, while the heavier minerals, including gold, platinum, precious stones, 
garnet and black sand, mostly remain in the riffles. 

Eiffles find their principal use in hydraulic mining, which is so large a sub- 
ject that it requires a treatise of its own. The reader is referred to Bowie^s 
^^Hydraulie Mining,” to an article by Waldeyer in Ea 3 rmond^s Eeport of the Min- 
eral Eesources West of the Eocky Mountains for 1873, and to an article by 
Hammond in the Ninth (1889) Annual Eeport of the California State Miner- 
alogist. The author will, however, describe various forms of riffles, and some 
of the ways in which they are used in ore dressing. It is quite pertinent here 
to repeat that the Wilfley table owes its capacity and efficiency largely to its 
riffles. 

In general the design of sluice and riffle block which most systematically com- 
bines spaces of quick current followed by spaces of comparative rest (eddies), 
often repeated, most successfully fills the requirements. The eddies, however, 
must not be too quiet or they will fill with quartz at the start and never change. 

FORMS OF RIFFLES. 

Timber Eifple Blocks are square wooden blocks 8 to 13 inches high, set on 
end in rows across a sluice or trough. Each row of blocks is separated from the 
next by riffle strips IJ inches thick and 3 to 3 inches wide, nailed to them (see 
Fig. 419). They are held in place by wooden wedges against the sides of the 
sluice. Bowie states that these riffle blocks are better than all others where 
timber is not too dear, and that the cross riffle they make is not excelled by any 
other form. In choosing wood he prefers that which is long grained and brooms 
up well. Hard timber which wears smooth, such as oak, is not desirable. Nut 
pine is best, and pitch pine answers all requirements. 

Eock Eeffles do good work. They are made by placing cobble stones on envl 
and close together in a sluice, the tops of the stones being pointed slightly down 
the slope. To keep the rocks in place, a cross plank is placed in the bottom of 
the sluice every 6 or 8 feet. In some cases rock riffles have been preferred to 
timber, but they take longer to clean up and to re-set. They require a steeper 

grade than block riffles. -mi 

Bar Riffles arc made by putting cross bars in the bottom of a sluice. Blocks 
or bars 1 to 2 inches high are common practice, but the spaces vary greatly (from 
an inch or two to several feet). John M. Sweeney^® found that the form shown 
in Fig. 414a was much more effleient for separating gold from quartz and black 
sand than the form shown in Fig. 4146. ^ 

A modification of the Robinson riffle is shown in Fig. 415a. Each riffle is 12 
inches wide, 12 inches long and about 3 inches deep in the middle. These riffles 
have been successfully used in a cyanide leaching plant^*^ to catch the coarse gold 
in the tailings, by means of mercury placed in the riffles at A. The sulphiiret- 
collected aW/ At Ibis same plant the original form of Robinson riffle ( Fm 
4156), allowed the sulf)burets to collect and pack at B so that the free gold could 
not come in contacf with the mercury at A. 


FIG. 414a. — RIFFLES. 




FIG. 4146. — RIFFLES. 
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ORE DRESSING. 


§ olO 

Expanded Metal Eifeles (Eig. 416) are very commonly used oh gold dredges 
in connection with cocoa matting (§ 505). The usual size for this purpose has 
meshes 4^ inches long, and inches wide, and is made of steel about 0.08 inch 
thick. It is laid on top of the cocoa matting after the latter is spread on the 
inclined tables, and is found very efficient in arresting the gold. The flat sur- 
faces of the metal strands slope about 45°; and to be most elfective, the tops of 
the strands must be pointed down the slope. They have but little catching 
power when laid the opposite way.. 

Howland Eiffles (Fig. 417) are made of ea'^t iron, and are in sections or 
blocks which are honeycombed by perforations, and superficially roughened by 
grooves as follows: The blocks are 12 inches long, 4 inches wide, and are higher 



FIG. 415a. — ^modified robinson riffle. 


■ ^ 







FIG. 415^. — ^ROBINSON RIFFLE. 




across the center than across the two ends. D(cp tross tioiiahs .iic tn.nlc .il Ihc 
center and at the upper ends, wiiicli are to In* ( haigt d willi iiKOt ui \ ; l<)n<nl ud in. il 
shallow grooves run down iho slopes fi.,,,, tl,,. p, th,. ,.,i,ls, atu? Im.Iuopii 

these grooves are slots whjch extend \eili(,ill\ (Inouuli (he (,islm<r^ 'Pile Mocks 
may be put together sidewise to suit tJio width of .my timigh whose widlh is a 
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multiple of 4 inches^ and they are so placed as to break joint with each other 
longitudinally and so increase the eddying action of the riffles. It will be seen 
that any heavy particles that find their way beneath one of the castings are re- 
tained there 

In Mill 82 there are two sluices fitted with Howland riffles, each fed with 
stamp mill pulp. The sluice is 12 inches wide, 8-| inches deep, and slopes 6°, 30'. 


APPLICATION OF RIFFLES. 


§ 511. The Cradle or Eocker (Fig. 418) is a box about 40 inches long and 
from 16 to 20 inches wide, mounted on transverse rockers, and having the back 
end closed and the front end open. The sides slope up from the front toward 
the back end to a height of 12 to 20 inches. A screen box 16 to 20 inches square 
and 4 to 6 inches deep, having a perforated screen with -J-inch holes, is sat on 
top at the back end. Beneath this is a backward sloping baffle board, or an 
apron made of canvas or of blanket. On the bottom of the cradle are two riffle 
cleats about I inch high, one near the middle and one near the lower end. The 
method of working is to shovel gravel into the screen box, and to pour in water 
from a dipper while rocking the cradle by hand. The apron throws the screen- 
ings backward, and when it is made of canvas or blanket it catches some of the 
fine gold. The coarse gold is caught in the bottom riffles. ^ The sand quite 
easily packs in these riffles if the rocking is not kept up, and this leads to loss of 
gold. For convenience in cleaning up, the screen box and apron can be lifted 
out. What is caught on the apron and in the riffles is washed in a hand pan 
to remove the last of the sand. The cradle is a regular tool for washing aurif- 
erous gravel on a small scale ; and is also used to clean up sluices and quartz mills. 

Tub Sluice, as the term is used in placer working, is both a trough for trans- 
porting water and gravel, and a concentrator for catching and holding, by 
riflles, any licavy grains the gravel may contain (see Fig. 419). 

Many forms of riffle blocks have been used in sluices and their designs are 
usually governed by three considerations: (1) The first cost and life; (2) the 
cfiectiveiicss of the riffles; and (3) the ease with which they are cleaned up and 
reset. 

iBowie ^ivPs tlic guide of a sluice at 6 to 6^ inclios fall for a 12-foot box 
(2° 25' to 2° 35'). In some places where much clay is to be washed off 9 to 12 
inches (3° 35' to 4® 45') is used, and where a minimum grade must be used, 
as low as 21 lo 3 inches (1° to 1° 10') for a IG-foot box has boon used. His 
figures on sizes and carrying power of sluices are as follows. 


Drpth 

Width 

Grade 

Capacity m Miner’s 
Inches of W<iter 

HO iriflu's 

30 “ 

30 “ 

0 te«t 

4 “ 

3 “ 

3® IV to S® 50' 

2® IV 

0°50' 

2,001) to ‘1,500 

2 000 

000 to 1,000 


In Mill 10 Ihiilei'ii nllle boxes, 103 feet long, 12 iiulies wide, 8 inches dee|i 
with sides anil holloin made of 2-ineh jdank, aie placed side by side, sloping 1° 
2V (,' null per fool). They have movable liflle bars Id fc'et apart, 1 1 imhc'. 
h'loh, Unm a. loss the bottom, and held in place by cleats on the sides Thev 
aie led wiTh the vanner tailings, by a rough form of elassifier. The pulp is re- 
eened at the middle of this (las-i(ier ami urns both nays, di-charging through 
thiileen 1-imh holes to the 13 riKle boxes. The latter aie cleaned out oime in 
24 hours two at a time, by tinning off the pulp and turning on wash water for a 
time to rinse off some of the quartz; then the riflle bars are removed and the con- 
ecnlrates are swept out while the clear water is still lunnmg. The coueeutrates 
TO to the flr‘-t compartment of the settling tank, which yields 467 pounds of 
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concentrates in 24 hours (35.8 pounds for each riffle box) assaying $103 per 
ton. 

In Mill 56^ below the amalgamated plates are five riffles or catch pits 1 inch 
wide and 1 inch deep running across the width of the apron. The first con- 
sists of the space between two beveled cleats, the other four are sunken riffles or 
depressions cut in the surface of the planks. They are all filled with mercury 
and serve to catch any particles of rusty gold that have been at all brightened. 
Following these are two collecting sluices each 12 feet long, 8 inches wide and 6 
inches deep, sloping i inch per foot. The riffles consist of 1-inch holes in a 



rian 


FIG. 419 . — RIFFLIi: SLUICE (FROM ROWIE). 

board lying in the bottom of iho sluice. Tlic holes {in* stjiggen'd and ^jiacc^d 
inches between centers crosswise and *1} inclK"^ l)ctv\e(‘n Iiik*' of (cntcr^ length- 
wise. At the lower end are four bar ritlTcs \ inch uidcjind 1 inch deep 
ing these is the main sluice 200 feed long, 12 iucIk's \\id(‘, 12 inch(‘s (l('(*p, slop- 
A i^oh in 12 feet, with rifUi's in it made hv ])lacing 2 X 2 Xl-in{li blocks on 
edge between iXl-inch longitudiTial strips, as shown in b^ig. 120. con- 

struction causes a depositing eddy at the liead of (‘acli riffle* spac-e. Tlu* pulp 
current^ in this sluice is 3 inches deep. F(»llowing this a ir)-nu*'^h iron wire 
screen is placed horizontally in the bottom and yiehh overflow containing the 
larger sand and the bulk of tlie water to tail sluic(*. and t]ir» finpr in 
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tables each 40 feet long, 8 inches wide, sloping 3 inch in 1 foot, on which are 
laid old battery screens. The tail sluice is 12 feet long, 14 inches wide, 8 inches 
deep, sloping 1-J inches per foot. This is supplied with Hungarian riffle blocks 
running across the trough (Fig. 421). 

The mercury riffles following the amalgamated plates in this mill are skimmed 
several times a day for rusty gold. The mercury is taken out from time to time 
and filtered through chamois skin, the amalgam saved and the mercury put back 



riG. 420. — RIFFLES IN MILL 56. 

into the riffles. All of the other riffles are cleaned up periodically and yield 
black sand with rusty gold, which is saved as far as possible by hand pans- 
Kevolving Stuakes. — In Minas Geraes, Brazil, a device for rapidly dischar^ 
inff riffles is Ubod.^ This consists of a triangular prism with equal faces, each 
of which i« a riffle sluice supplied with cross riffle bars and side retaining walls 
(see Fig. 433). This prism has end trunnions of hard wood upon which it can 



FIG. 422. — REVOLVING RIFFLE STRAKES. 


revolve. The pulp eurrent is distributed at the upper end by a wooden sliding ) 
brid.re and riiniiiiig over the riffles is discharged at the lower end. When 
the riffles are charged with auriferous sulphurets they are discharged by revo v- 
ing the prism to wash off the sulphurets and to hrmg the next face “^to lin^ tl^e 
pu% being momentarily shut off and the sliding bridge withdraw. Thejvidth 
of each face is 18 inches, the length 14^ to 18 feet. It slopes 1 inch per foot 
(4° 45'). The riffle bars are 0.14 inch high, and there are many of them. Two 
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of these prisms are hung in one tank which is in section like the letter W. This 
tank^ filled with water, washes the riffles and receives the concentrates. 

Undercueeents. — Where it is desired to treat the finer portion of the gravel 
more quietly than in the main sluice, a small grizzly is placed in the bottom of 
the sluice and the water and fine gravel passing through this are treated at a 
gentle speed on “undercurrents/^ which consist of wide sluices containing riffles. 
The undercurrent should be eight to ten times the width of the main sluice and 
have a grade of 4® 30' to 5° 45' to 10%)- 

E. Kieves. 

§ 512. Kieves are strong tubs with sides flaring upward, in which the sepa- 
ration is effected by mechanical agitation in a deep mass of thick pulp. Stirring 
paddles are used for preliminary mixing, and hammers or heavy striking bars 

for the final separation. They are used to fin- 
ish the concentration of fine products that are 
nearly rich enough to ship. In Mill 40 they 
deal with grains up to 0.05 inch (1.27 mm.) in 
diameter, in Mill 47 with grains 0.053 
inch (1.36 mm.) in diameter. Tliey can 
be used on products of the fineness of 
slime table heads, but with mucli tincT 
products the process bocoTues tedious, be- 
cause of the long time required for 
settling. 

The kieve has a shaft with a crank for re- 
volving it by hand in a movable top b(‘aring, 
and in a stop at the bottom. On tlu' shaft is a 
pair of paddles of the form of pro])(‘ller hlad(‘s, 
which tend to lift the pulp and .stir it thor- 
oughly. Tlio operation is as follows: 

Water is run in by a hose up to a mark, found by trial. One or two men 
revolve the paddle about fifty times per minute, while another shovels in tlu* ore, 
which is moist. When the required amount is charged, the shaft is k(*f)t revolv- 
ing for a minute or two to thoroughly liquify the ])ulp. 44ien the top Mipport 
and the shaft are quickly lifted out and a bent pounding bar (at ]\Iill 47, 
inches diameter, 7 feet long), standing in a wooden st(‘p in the floor, is nunh' to 
deal repeated shocks to the sides of the kieve, perhaps fifty blows per minute. 
The blows are received upon a plate MX3xi inch (Mill 17) serened to the side 
of the kieve. The pounding bar is so bent as to strike^ the kie\(‘ a little above 
the middle. The pounding is kept up until the partieles lia\(' settled lli(‘nis(‘lv(‘S 
into a compact deposit at the bottom (an almost “hard ])iu\") with the <juartz 
gjrains largely at the top and the ore grams in layers below. The water i.- now 
siphoned off and the layers are skiniTued out with a shov(4. The lavop'^ mv 
roughly as indicated in Fig. 423. 

The concentration occurs partly during the stirring, but an imfiortant jiart 



TAiu.E 3200. — nr’:T\iLS of kifvfs. 


" Minor 
Author. 

1 

Height. 

Top 

I)ianu‘ter 

Bof tfirri 
Diameter 

Sah-s 

ThieUness <>f 
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False Bol ton 
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46 
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48 

88 

28 

Inches. 

48 

44 

41 
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38 

89 
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47 

Teague® 
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takes place during the pounding. While the water from below passes upward 
among the grains^ the fine, high specific gravity grains settle below the coarser, 
lower specific gravity grains, according to a ratio which is probably that of 
hindered settling. Some details of kieves are given in Table 329£t. 

In Cornwall, both the paddles and the pounding bar are sometimes driven by 
power, as in the kieve described by Teague, the dimensions of which are given in 
Table 329a. 

In Mill 47 two kieves are used, fed respectively with the two products of the 
tye (see § 507), the tye itself being fed with certain of the hutch products of 
the finishing jigs or with the slime table concentrates. The coarse, poorer por- 
tions from the tye, treated in No. 2 kieve, yields: (1) tops, returned to slime 
table; (2) middlings, re-treated in the same kieve; (3) bottoms, to first 
treatment in No. 1 kieve. The fine, richer portion from the tye, treated in No. 
1 kieve (first treatment), yields: (1) tops, returned to slime table; (2) mid- 
dlings, returned to same kieve (first treatment) ; (3) bottoms, returned to same 
kieve (second treatment). These last bottoms yield, on second treatment: (1) 
tops, returned to slime table; (2) middlings, returned to same kieve (second 
treatment) ; (3) bottoms, barrelled and shipped to smelter. Three men work 
up one charge in an hour, operating the tye at the same time. In Mill 46, slime 
table concentrates and hutch products of the finishing jigs are treated in a kieve 
without first using a tye. 

Continuous Kieve . — A deep, cylindrical tub, with the revolving kieve paddles, 
has been used for treating larger quantities than is possible with an intermittent 
kieve. It must be fed at a point about half or two-thirds the way up from the 
bottom to the top by a central hopper and tube. The overflow can be discharged 
all around the top and caught in a circular launder. The action is less perfect 
than that of the intermittent kieve, as the hammering is omitted. It probably 
ranks as a classifier working under hindered settling conditions, and using much 
less water than any other form. It yields a continuous overflow, and either a 
continuous spigot product or an intermittent one as desired. The apparatus 
might scTve as the first settling tank in the Austrian graphite mill (§ 784). This 
is suggested merely to indicate the line of work the author believes the apparatus 
to be suitable for. 
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operation of Brunton belt concentrator, and of a mechanical kieve. 

23. Ibid.. Series VI., Vol. XIX., (1871), p. 304. A. Henry. Mathematical theorv of Rittin- 

ger table. Materials for surface, details of operation and capacity of Rittinger table. 
Illustrated. 

24. Ibid., Series VII., Vol. XIV., (1878), p. 223. Careanagues. Description and 02 )eration 

of Cornish buddies, frames and kieves. Illustrated. 

25. Ibid., Series VIII., Vol. XX., (1891), p. 57. Maurice Bellom. Description and discus- 

sion of the Stein belt table, and the Linkenbach slime table. Illustrated. 

26. Berg. u. Hiitt. Jahrbuch, Vol. XXVI., (1878), p. 187. J. Ilabermann. I)(‘tails of Salz- 

burg table constructed of iron. Illu.strated. 

27. Ibid., Vol. XLVI., (1898), p. 413. C. BlOmeke. Description, disciiHsion ami compari- 

son of various slime tables. 

28. Berg. u. Hiitt. Ze%t., Vol. XXXIX., (1880), p. 2. C. Linkeribacli. Details of Linken- 

bach slime table, with discussion of its advantages. Jllustrated, 

29. Ibid., Vol. XLIV., (1885), p. 129. J. Kavcic. Mathematical discussion of the action 

on a Rittinger table. 

30. Ibid., Vol. XLIV., (1885), p. 138. Conrad Blimieke. I)e.scri[)tion and compariHon of 

convex and concave slime tables. P. 145 Discussion r)f the Kittirig(*r tal)I(*, its con- 
struction, materials for the working surface, and details of management 

31. Ibid., Vol. L., (1891), p. 69. Conrad Bldmeke De.sci ijitiori of imjirfived Stein tables, 

with some working results. Vol. LI., (1892), p 385. Various modilieat ions of the 
percussive belt table. The Schranz table, linprovisl results on Rittinger table by 
applying wash water from a diagonal spray pipe. Illiistiated 

32. Tbid., Vol. LIV., (1895), pp. 223 and 243. C’onrad Rhuueke. I)e.seri])t ion and discus- 

sion of the Bartsch, Schranz, Luhrig and Linkenbach tables, with results and com- 
parisons. 

33. Ibid., Vol. LV., (1896), p. 13. Conrad Bldmeke. Comparison of the Krivrm Rittinger 

with the Luhrig table; with results of tests. P. 209. Comparison of Stein and 
Bartsch tables. 

34. Berg, und Huttenwesen des Oherharzes. Stuttgart, 1895, p 221. II. Zirklm*. Short 

general discussion of dimensions, capacity, etc., of slime tables in the Harz Moun- 
tains. 

35. Bull. Soc. Ind. Min., Series III., Vol. TV., (1890), p. 922. Cayet. Details and some 

working results of the Castelnau belt table. 

36. Ibid., Series III., Vol. VITT., (18{)4), p. 041. F. Schmidt. Descriptive review of the 

various belt tables, with discussion. Illustrated. 

37 . Gdn. Min. Rev., Vol. XVII., (1898), pp. 43 and 134. F. T. Snyder describes a gyrating 

vanner, and gives some results. 
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38. Engineering, Vol. LVIII., (1894), p. 777. Editor. Description of the Ferraris belt 

concentrator, with some details of operations and capacity. Illustrated. 

39. Eng, d Min. Jour., Vol. XLII., (1886), p. 150. Frederick G. Corning. Description of 

the Corning belt concentrator. Illustrated. 

40. Ihid., Vol. LIV., ( 1892 ) , pp. 5, 28 and 52. John W. Meier. Description and compari- 

son of Rittinger and Salzburg tables and rectangular buddies at Przibram; also a 
comparison of convex slime tables and buddies. P. 367. Description of Stein belt con- 
centrator, with results. Illustrated. 

41. I'bid., Vol. LIX, (1895), p. 199. Same as Engineering, Vol. LVIII., p. 777. 

42. Hid., Vol. LX., (1895), pp. 29, 441 and 466. W. H. Storms. Details of several canvas 

table plants. 

43. Hid., Vol. LXII., (1896), p. 297. Editor. Illustrated description of Ellis gyrating 

vanner. 

44. Hid., Vol. LXVIII., (1899), p. 8. A. H. Wethey. Improved details of Wilfley table. 

Working results. 

45. Freiherger Jahrh., (1893), p. 76. L. Seemann. Some details of adjustment, capacity, 
etc., of Stein table. 

46. Inst. Civ. Eng., Vol. CXVI., (1894), p. 50; also the discussion at end of the paper. 

Robert E. Commans. Description and discussion of buddies, percussion tables, van- 
ners and circular slime tables. 

47. Judge^s Rep. on Centennial Exposition (Philadelphia, 1876), Vol. III., pp. 228 and 308. 

E. Althans. Sparre’s principles of surface sizing. Discussion of buddies, slime tables 
and percussion tables. 

48. Mines and Minerals, Vol. XIX., (1898-99), p. 537. John M. Sweeney discusses the de- 

sign of riffles, and gives experience. 

49. Min. d Sci. Press, Vol. LXVl., (1893), p. 161. George K. Fischer describes the R(^- 

inson riffle and a modification of the same; and quotes experience with the two. Il- 


lustrated. _ , ^ j. , 

50. Hid., Vol. LXXIII., (1896), p. 277. W. S. Hutchinson. Description of Gates canvas 

plant with details and working results. Illustrated. 

51. Oest. zkt., Vol. XXXVI., (1888), p. 531. Carl von Reytt. Details and results of 

comparative tests of Linkenbach tables, revolving conical tables and buddies. 

52. Hid., Vol. XXXVIII., (1890), p. 217. O. Bilharz. Details of the Bilharz belt table. 

Illustrated. . ^ _ . , ,1 . 

53. Hid., Vol. XLII., (1894), p. 421. E. Ferraris. Description of the Ferraris belt table. 

Illustrated. _ ^ , n-a ^ 

54. Hid., Vol. XLIII., (1895) , p. 91. L. Kirschner. Details and results of KS.van s modified 

Rittingcr table. -xta < 

55. Hid., Vol. XLIV., (1896), p. 369. L. Kirschner. Comparative tests of the Kavan- 

Rittinger and the Luhrig tables. 

56. Raymond’s Rep., (1873), p. 336. G. P. Deetken describes a power-driven kieve. IIlus- 

57. Sch^^mnos Quart., Vol. XV., (1893-94), p. 23. Translation from Anm. des Mines, Series 

58. ^lalLLcI^, Vol. XXVI., ( 1878 ) , pp. 122 and 177. Same as 
Judge’s Rep. on Centennial Exposition (Philadelphia, 1876), Vol. III., pp. 228 and 
308 

59. Hid., Vol. XLT., (1803), p. 207. Editorial. Description of the Bartsch convex slime 

table, with some working results. Illustrated. .x. \. 

60. Hid., Vol. XrJlI., (1895), p. 215. Editorial. Some results with the Bartsch convex 

61. /htd*,^oK'xLVTT., (1800), p. 239. Hilbner. Advantages of revolving concave tables. 

Coinpaiison of Bartsch and Linkenbach tables. 



CHAPTER XVII. 

AMALGAMATION. 

The properties of mercury, which enable it to form alloys with gold and silver^ 
are made use of in milling for the extraction of those metals from their ores. 

§ 513. Properties of Mercury. — Mercury freezes at 39° F. below zero. It 
vaporizes to a very slight degree at ordinary temperatures, more rapidly at 100° F. 
and at 212° F. sufficiently to salivate an incautious workman. It boils at 680° F. 
Its specific gravity is 13.6. Its capillarity is negative except to those metals with 
which it easily amalgamates. To these, when their surfaces and that of the mer- 
cury are clean, it is positive, that is, it ^Vets’’ them. It is not affected, when pure^ 
by air, but, when impure, oxidation of the other metals forming the impurities 
takes place on the surface, and the oxides formed are absorbed by the mercury. 
Mercury and all its salts are violent poisons. Raw white of egg or potassium 
iodide is the best antidote. Strong nitric or sulphuric acids attack mercury; 
hydrochloric acid, dilute sulphuric or pure dilute nitric attack it little or not at 
all; dilute nitric acid containing nitrous acid readily attacks it however. 

§ 514. Amalgams. — If a grain of clean metal, for example, gold, ('omos in con- 
tact with clean mercury, according to its thickness the particle bc'conies either 
entirely combined or superficially coated with mercury, and if two such particles 
come in contact with each other they are loosely cemented or soldered together. 
Such aggregations, which are alloys of the metals with mercury, arc called 
amalgams. 

If a metallic compound that can be chemically decomposed by mercury, for 
example, cerargyrite (chloride of silver) or argentite (sulphide of silver) 
comes in contact with mercury under conditions favoring the reaction, a ])or- 
tion of the mercury seizes the chlorine or sulphur, forming ('hloridc* oT sulphide 
of mercury, and the remainder seizes upon the silver as it is set free, forimng 
an amalgam of mercury and silver. 

Mercury unites also readily with cop])er, lead, tin, cadmium, zinc, hismutli, 
sodium, potassium and some of the rare metals. TIk* alliiiily of mercury for 
the various metals with which it unites to form amalgams, increases willi tlu^ 
temperature. In the case of arsenic and antimony, lu'at is ne(‘(‘ssarv for their 
amalgams to form, and with that of the latter tin* antimony gratliiallv M^pji- 
rates out again as a black powder on cooling. IJy using a voltaic coupb*. with 
a dilute acid and with mercury as tlie negative eieetrodi*, it unites with imki'l, 
cobalt, manganese, iron, chromium, aluminum and platinum. Mercuiw foims 
an amalgam with tlio above imdals wdien tlieir salts iwr tn'atcd h\ cIim' 1 1 ol \ si- 
with merenry as the negativi* elecdrodi*. Sodium amalgam will dcconipo-e mo-t 
(d the salts of the metals yielding amalgam of mm'iairv and I Ik* metal deri\e(l 
from the salt. Mercury forms a triph* compound with snl[)hur and ar-(‘me. 

As sodium amalgam is used to some extent m nulls it-, prefiaration i- of spe- 
cial interest. For ])r(‘])ari]ig it. cl(*an, drv mcrciirv is used from wliieli all 
moisture has been r(‘mo\(*d hv hlotimg f)aper. ft us heali'd gent I v and piei-e- 
of sodium, about the size of a p(*a, are added om* at a time*, w^•litIllg foi* tin* re- 
action aftc'r eacli addition, until an arnaliram of tin* eoiisi'.,f (Kiev of --.oft puttv 
is obtained. This amalgam dc'cmiiposes unless kepi rlpy and out "of eontai't wdth 
the air. It keeps best when covered with naphtha arid put into tightly stop- 
pered bottles. 
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In milling, three amalgams of gold may be considered. The first is liquid, 
which appears like mercuryj and is commonly considered to be a saturated solu- 
tion of solid gold amalgam in mercury. When filtered through chamois skin 
it contains about 0.1% gold at 60° F. The quantity contained will increase 
with the temperature. On standing several months, at about 68° F., crystals 
of amalgam will crystallize from this, leaving a solution with only 0.0683% 
gold. Even this, when filtered through boxwood, is reduced to 0.0601%, which 
figure probably represents the amount of gold held in permanent solution 
at 68° F. The second is solid. The gold in it is combined in some definite 
chemical proportion with mercury, and has a definite crystalline form. Native 
amalgam of California ranges from 39.02 to 41.63% gold, corresponding to 
the symbol Au.^ Hgo. A number of other solid amalgams have been made but 
the one just mentioned is probably that made in the mills. The third is nuggets 
of gold superficially coated and cemented together with the first and second 
amalgams. By straining mill amalgam through chamois skin, one gets No. 1 
amalgam in the liquid which goes through, and a residue, which approximates 
to No. 2 amalgam, according as No. 1 and No. 3 are absent from it. If No. 
1 is present in excess it will soften the amalgam and diminish the per cent, 
of gold ; if No. 3 is present it may greatly increase the per cent, of gold. 

Silver amalgams may be divided into three classes in the same way as gold. 
The solid native silver amalgams vary from Agg Hgg, containing 26.25% silver, 
to Agio Hga, containing 64.2% silver. The presence of unpenetrated silver 
nuggets in mill amalgam is rare since the amalgam is generally formed by 
chemical reaction with some compound of silver rather than with native silver. 

For further information on gold and silver amalgams, the reader is referred 
to the very complete treatment given the subject by Louis.^® 

§515. Apparatus Used por Amalgamation. — For amalgamation or sepa- 
rating the precious metals from their ores by mercury, the following devices are 
used : — 

vStamp mill. 

Arrastra, Huntington or other crushing mills. 

Amalgamating pan. 

Inside plates, that is, amalgamated plates inside the stamp mortar or other 
crushing mill. 

Outsid(‘ plates. 

Mer('iiry wells and traps, 

Meehameal amalgamators which do not combine crushing with amalgama- 
tion. 

For treating and partially refining ihe amalgamated products of the preced- 
ing apjiaralus lli(‘r(‘ are the following devices: 

(Mean up [lan. 

( Mean ii[) harnd. 

Whil(‘ holh gold and silver are caught by all thpso, the amalgamating pan is 
used wli(‘r(‘ silv(‘r firefionderales in the ore and the others where gold. The 
first four and tlu* last two eomhine crushing with amalgamation and liave al- 
ready l)(‘(‘n des(Til)ed under the various headings. It now remains in this chap- 
ter to take up the otluT three. 


Outside Amalgamated Plates. 

§ 51 (i. PurNCiPTE OF Action. — These are generally copper plates coated with an 
amalgam. Tlicy arc set at an angle so that the pul]) fed at the upper end flows 
down over them by gravity. During its passage the constantly recurring waves 
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and the drops which the pnlp makes upon the head of the plates bring the free 
gold into contact with the surface so that it becomes amalgamated and adheres 
firmly to the plate, while the sand and sulphides are carried forward by the 
water. Mercury has to be supplied from time to time to keep the amalgam on 
the surface of the right degree of hardness, and it is scraped off and the gold 
saved at stated intervals. 

§ 517. Tables eob Supporting Plates. — These should be so constructed that 
the slope may be readily adjusted and at the same time be firm and rigid enough 
to remain constant in any position. This is to prevent any unevenness in the 
flow of the pulp, and thereby avoid danger of loss which occurs when portions 
of a plate are alternately wet and dry. A few of the designs used bv the mills 
will be given. 

Two tables, standing upon independent sets of legs and with independent ad- 
justing wedges, are used for each battery in Mills 65, 73 and 74, which have 
two long plates side by side, each 2 feet wide. Before putting on the plates, 
the tables are dressed down inch in the center for the full length, causing 
a slight depression in the center of the plate, and, in consequence, the center 
of the wave to be in advance of its ends. If the tables are not dressed as de- 
scribed but are left flat the pulp will not run so evenly but will tend to one 
side or the other. 

Tables mounted upon wheels running on a track are used in Mill 62. They 
are wheeled forward a short distance at the time of the clean up. Preston®® 
states that in some mills only the upper section of the tables is movable, while 
the remainder is stationary. 

At Mill 67, which is similar to the Oldham mill, (see Fig. 424), the plates 
are laid upon tables made of the best selected clear pine 2 inches thick with 
three cleats, 3X6 inches, fastened underneath, one at each end and one in the 
middle. There are three transverse rods of i-inch round iron passing through 
the planks and holding them tightly together. These tables rest upon two string- 
ers of 3 X 5-inch scantling and are kept from sliding downward by a cleat nailed to 
the stringer. These stringers lie loose in notches or gams cut in standards and a 
hard-wood pin keeps each stringer from sliding downward but admits of sufficient 
freedom to raise the lower end as required. The standards are nailed to the floor 
and have no conneotion with the mortar blocks, nor has the floor, a coarse saw-cut 
separating the boards of the floor from the blocks. At the lower standard a hard- 
wood wedge is inserted under each stringer which wedge has a slot cut in the 
middle, through which a bolt with a thumb nut is run. The slope is adjusted 
by this wedge and kept in any position by means of the thumb nut. 

Mill 64 (see Figs. 425a and 4255) has tables built of 2-inch planks in steps, 
causing drops from one plate to the next. In a total length of plate of 23 feet 
9 inches, there is one drop from the mortar, two from mercury traps and five 
drops of 2 ine}i<‘s each from steps in the plank table. The sides are of 1^-inch 
plank, varying from 3^ to 5J inches in height. The various sections are made 
overlapping and th(‘re are cross bars at each joint. The under side of the table 
is only 17 inches above the floor at the head and 6 inches at the foot, and it 
rests upon five cross timbers spaced at various intervals, which are supported 
by short posts. 

At Mills 68 and 82 the tables for the plates are made of good clear lumber. 
The sides arc made of 2-ineh stuff. The bottom is tight, consisting of cross 
boards M inch thick, which arc mortised to the sides and further held by three 
J-inch transverse rods of iron. In addition to this, in order to hold the bot- 
tom in shape and prevent warping, three longitudinal 6-ineh strips are fastened 
to the bottom by dovetailing. These strips also answer the purpose of saving 
the table when wedging it, that is, wedges used at the head or foot are always 







§ 518 


AMALGAMATION, 


735 


placed so as to bear against these strips. The table is well painted and put to- 
gether with screws. The plate is simply laid upon the table, fitting in a groove 
on either side, about room enough being allowed for a sliding fit. The sides of 
the table, just above the plate, are caulked with oakum and two cleats fastened 
on, one on each side. The cleats rest solid on the plate and are made wedge- 
shaped, tapering from inches at the bottom to nothing at the top and ex- 
tending the whole height of the side, which is 6 inches. The upper end of the 
table extends back about 2 inches under the mortar lip and it is wedged tight, 
the wedges being driven from under the table, forcing it up against the mortar 
lip. The lower end of the table is supported upon a strong wooden sawhorse, 
which is securely fastened to the floor. Wedges on top of this horse serve for 
leveling the table and adjusting the slope. 

In Mill 86 the table is hung on stirrups, to be adjustable for different ores 
(see Fig. 426). Louis^® finds that the upper ends of tables are sometimes hung 
on rods, independent of the floor and of the stamp mill, to prevent jarring. 

John Hays Hammond^® recommends cast iron tables for supporting the amal- 
gamated plate. A table of this kind, used in Mill 57 for the newer plates, is 
shown in Fig. 427. 

In regard to the advisability of connecting the table with the mortar or the 
stamp frame, opinions differ. The advocates for connection are Eiekard^®, 
Mills 68 and 82, and the Haile Gold Mine.^^ The claim is that the jar ob- 
tained assists the settling of the gold and is beneficial to amalgamation. The 
opponents are Hammond and Preston of California, Furman of Colorado, 
Hardman of Nova Scotia, and Louis, all of whom claim that the jar is injuri- 



FIO. 426. — STIRRUPS AT MILL 86. 


Copper Iroa % Thick 

FIG. 4S8. — FASTENER AT MILL 67. 


ous, probably tending to form hard amalgam. At the trial of a large steam 
stamp at Mill 66, (see § 122), the jar was enough to cause amalgam to ball up 
on the plates and mercury to c.xude and run away. The weight oi the evi- 
deucc appi'ars to be agaiust the use of vibration on plates. 

Extending across the head of the table over the plate, there is generally a foot 
board on which tlie attendant may walk or stand in looking after the mortar. 

8 518. FA.sTiiNtNO THE Pi.ATHS TO THE TABLES.— PI atcs as they come to the 
mill are rarely over 8 or 10 fi'ct long, so that in almost all of the mills the amalga 
mated plates'an' made up of sections, which are laid cither overlapping or with 
butt ioints. In (ho latter case they are sometimes brazed togi'ther in one sheet. 
The method of fastening down the plates at Mills 68 and 82 has already been 
0-1 von. Mill (i7 fa-lens the lower edge of the plate by a lapping iron strip, (-ee 


At Mills 65, 69, 78 and 74 blankets arc placed between the plates and the 
tables. The sfv-tio’n- are laid with butt joints. On each side of ^ 

of screws fasliming (he plates to the table, and there are al-o cleat- at the sides. 
Popper screws are best for this work, being of the ,-ame character as the p atcs; 
brass becomes l.rittle, while irim causes galvanic action wbiob enlarges the boles 
Several aiitboritii's advise not using screws at all, but to haw the 
the plate overlap and fasten them down by buttons or wedges at the sides so that 
they are easily reinovable. 




FIG. 427 . — NEWER APRON AND SLUICES IN MILL 57 . 
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§ 519. Position op Plates in the Mills. — ^In American mills outside plates 
are almost universally placed just following stamps or other fine crushing appa- 
ratus, and preceding concentrators. Mill 86 formerly used plates after vanner 
and Gilpin County bumping table, but they are now given up, having been 
found useless. In Australian mills there is considerable variation in the posi- 
tion of the outside plates, as may be seen by reference to Eickard.^® In the ma- 
jority of cases, however, they follow directly after stamps. 


TABLE 330. — AMALGAMATED PLATES. 

Abbreviations.— Ft ssfeet; In.=inches; No.=number; par.=parallel; Sq.=square. 


Kind of Plate. Lengrtih Width. 

Ft. In. Inches. 


Thickness. 

Inches. 

Area 

of 

Plate. 
Sq. Ft. 

Inches 
per Foot. 

.2 

Degrees. 

Minutes. 

Water 

Passing 

Over 

Plate 

per 

Minute. 

Gallons. 

Height froml 
which Pulp 
Drops on Plate. 1 
Inches. i 

u 

5.06 

2 

9 28 


ib) 


1.08 


2 23 

^36 each 



3.61 

1 

4 46 

8.36 each 



Location of Plate. 


a 56 On splash board Silver plated. . 1 2 62 ^ 5.06 2 9 28 

On mortar Up ... 0 8 62 U 1.08 ^ 2 23 8.86each 

Apron plate “ ... 0 10 62 ^ 3.61 1 4 46 8.86 each 

Next follow riffles containing mercury. 

67 lon mortar Up | Silver plated...] 1 ej 62 j j 6.50 j | 7 8 j 10 | 

Next follows No. 1 mercury trap 

Anron plate Silver plated. . . 4 0 66 18.66 7 8 10 

Sluice plate (c) “ ... 15 9 48 63.00 1J4 7 8 10 

First sluice plate (cT) “ ... 12 0 ^ ^ 24.00 1J4 5 57 10 

Second sluice plate (d) ... . “ ... 12 0 48 48.00 1^® 6 4 10 

Next foUow No. 2 mercury traps on six batteries and Nos. 2 and 3 mercuiy traps on two batteries. 

58 First apron plate | Silver plated.. .] 1 ® | 54 | 14 j | 1.8 | 8 40 j 23.6 j 

Next follows No 1 mercury trap. 

Second apron plate j Silver plated. .. | 4 oj 54 | ^ | 18.00 | 1^ j 7 25 j 23.6 j 

Next follows No. 2 mercury trap, i Lk i no i m i s on i 

Sluice plate | Silver plated...] 12 o|| ^^^29 | ^ j 29!o0 | 1.8 ] 7 35 | | 

Next follows No. 3 mercury trap. 

lOn vanner distributors.... 1 1 * ^ I 1 2’S 

59 I First apron plate I I 1 9 1 50 1 1 7.29 j 2 ] 9 28 1 20 1 

Next follows No, 1 mercury trap. 

Next follows No. 2 mercury trap, r ? i i l i l i 

60 ] Apron plate ]silver plated..,] 16 o] 48 | | 64.00 ] IJ^ ] 7 8 j 15 ] 

Next follows No. 1 mercury trap. 

61 Onsplash^ard S.lver plated. ^0 10 MU .. ....... ......... 

:: : « i | Y I 'IS”" 

On distributor “ •• 9 8 56 3.11 4 18 26 10 

Next follows No. 1 mercury trap. 

90)51 8?| 58 1 

Next follows No. 2 mercury trap. The vatiners have No. 3 mercurv traps on their distributors. 

63 Onmortarlip ] ] | | j I | | | 

No 1 mercury trap between lip and apron plates 
AnroTinlate 1 1^5 0 (m) 52 1 65 00 2^4 10 0 

54 9” 2 0 5GJ4-46 ! ! . . . I 8 46 ’ ’iM « *18 15 


4 |(/) 66 I I 20.22 

8|(p)24 I I 26.83 


I Apron plate 

On mortar lip 

Apron plate I 

Next follows No. 1 mercury trap. 


(Ml 52 65 00 1 

48 . . . 1 66 

5GJ4-46 8 46 


1 0 

42 

3.50 

1 



1 9 

50 . . . , 

7.29 2 

9 28 1 

20 

2 


|No. 1 Sluice plates (j). .. j 1 « « 1 j 8 18 | Each 7.5 1 a 

Next follows No 2 mercury trap 0IF.aoh15l ..1 30.00 1 114 1 7 8 1 Each 7 51 1 

lSorsl^ce 5 K.'"^:.::l:.:::::^^ 8IV12I. I 642I1SI7 ej 15 | 1% 

Next follows No. 3 mercury trap. i i 1 I I 1 I 1 

65 lApron plate Isilver plated. | 0 ll|(«)48] * | S 67 | ....| | | 0 

Next comes a distributor with two spouts, one for each sluice plate, and the pulp then passes orer two 
back deflectors with plates on them. _ 


Mill Number. 


738 


ORB BRERSIBQ. 


§ 519 


TABLE 330. — AMALGAMATED PLATES. — Continued. 


Slope. 

0 

sS, 

EQ QQ 

0 £ 

2 a 

II 

i’ § 

S i 

m 

00 


Location of Plate. 


65 Two parallel sluice plates. Silver plated. . 


Kind of Plate. 




21 0 


Width. 

Inches. 


Each 24 


II 


Area 

of 

Plate. 
Scj. Ft. 


84.00 


Water 
Passing 
Over I 
Plate 
per 

Minute, j 
Gallons. 


Ill 

i|^§| 


Next follows No. 1 mercury trap. There are plates after the clean up barrel similar to Mill 73. 

!8 I 16.25 1 


67 


Next follows No. 2 mercury trap. 


I CO IPlain copper .. . 

(m) “ 

Apron plate (w) | “ 

Next follow Nos. 1 and 2 mercury traps and in the tail launder is No. 3 trstp. 



10 0 

[...“. 


45.00 

2 

vith coppei 






8-10 0 

18 


13.25 


... 

0 8 

52 

54 


2.89 1 
8.96 1 

H 

... 

0 

0 

64 


46.00 1 

m 


4 46 I 
3 35 


70 


[On mortar lip. 

Apron plate - 

Copper-lined launder. . . , 
[On vanner distributors. , 
Apron plates. . 


[Silver plated. . 


71 


Next follows No. 1 mercury trap. 


Silver plated. . . 


52 

52 


48 

62 




2.35 

34.67 


5.83 

84.67 




11 46 


9 20 


16.25 


10 

10 

10 


2-4 


On splash boai-d. 
On mortar lip . . . 
Apron plate. 


Silver plated. . 


48 

46 


2.50 

9.26 


1.2 


5 45 


15 




Next follows No. 1 mercury trap and two steps covered with rubber, the later one of which has No 2 
mercury trap in it. 


Two par. No. 1 sluice plates Silver plated. . . 10 0 Each 15 25.00 

No. 2 sluice plate “ ... 8 0 20^ 13.67 


1.6 

1.6 


Next follows No. 8 mercury trap and before the vanners are No. 4 traps. 

72 |on mortar lip | Plain copper.. .| j [ | | 

Next follows a collector, a pipe, and No. 1 and No. 2 mercury traps. 

[Apron plate jpiain copper.. | 10 o| 48 | | 40.00 | 1.3 

Next follow Nos. 8, 4 and 5 mercury traps. 

I C! S !| 8 |:: :::| ai::::: 

There are Nos. 6, 7 and 8 mercury traps in the tail launder of the mill. 

73 On mortar lip I Wooden board I 1 o| I l I I 


80 Each 7.5 
80 15 




Then follows a distributor with two spouts, one for each apron plate, and the pulp next passes over two 
back deflectors, with plates on them 5 inches long ^ P o 


I Two par. No. 1 sluice plates. [Silver plated. . 
Next follows No. 1 and No. 2 mercupy traps 


0 Each 24 ^ 



No. 2 sluice plate 

On vanner distributors. . . . 

Silver p^ted. .1. 


(r) 

(») 

Silver plated, . . 

74 

(0 



On mortar lip 

Wooden board. 


8 

1 

12 

15 

[(w)0 

(w)l 


12 

48 

12 

12 

(w)48 

(w)48 


8.00 


8.00 
6.00 
12.00 
15 00 
2.00 
4.00 


16.25 


6 10 16.25 (Q) 




9 28 


9 28 

7” “a 

7 8 

(0 


^“bao "Sectors for each apron plate, and the pulp next losses over two 

[two parallel sluice plates. . jsilver plated. . j 21 6 


75 I Apron plate 1 1 2 8 

[Sluice plate | .. . !|l6 0 

Next follows No. 1 mercury trap. 

76 [On splash board 1 1 q g 

[On mortar lip | !.’!!!| 0 5 

Next follows a back deflector of wood. 

[First apron plate | j 3 o| 

Next follows No. 1 mercury trap. 

[second apron plate | J q sj 

Next follows a back deflector of wood. 


ach24| 1 

80 00 1 

0 

1 

15 

mercury trap 
ilar to Mill 73. 

before the vanners. 

fie, 1 [ 

10 .50 1 


1 

15 


19 1 

1 

1 7 

10 

52 [ 1 

2.89 1 

J2 

45 

0 

® 1 . . 1 

1 hi [ 




5t* 1 .. 1 

13 00 1 

2M 1 

10 

37 

52 1 ... j 

1.81 1 





10 

10 
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TABLE 330. — ^AMALGAMATED PLATES. — Concluded. 


77 

82 

84 

85 

86 
87 


Location of Plate. 


Kind of Plate. 


Plain copper. . . 


Lengrth 
Ft In. 


12 


Width. 

Inches. 


56 

48 


If 




Area 

of 

Plate. 
Sq. Ft. 


50 

48 


Third apron plate 

Apron plate 

On bed ot No. 1 bump table. 

Next follows No. 1 mercury trap. 

I Apron plates [Silver plated. . . |(v)8 

|On vanner distributors. . . . | ... 1 1 

First comes a distributor. 

I Apron plate jsilver plated. . . j(») 8 

Next follows No. 1 mercury trap. 

I Apron plate | Silver plated. . . | 8 

Next follows No. 1 mercury trap. 

j After No. B trommel j Silver plated.. . 

Next follows No. 1 mercury trap. 

( Apron plates I Silver plated. . . j I j I 

[Apron plates ] ...J 8 0| 54 | \ 

Next follows No. I mercury trap, and on two batteries No. 2 trap. 


87.33 

48.00 


Slope. 


4 

bi 


2 

m 


9 28 
8 18 


Water 


Over 

Plate 

per 

Minute. 

Gallons. 


\H. 

I'M Id r 

© 2 

'“Is,® 

1^0 


10 


33.33 

5.33 


9 28 1 


10 


54 36.00 1% 8 18 


52 


48 




34.67 2 


48.00 2 


20 


9 28 


36.00 1 2^ 1 10 35 1 




(a) This mill has double discharge and plates in the front and rear of the mortar. (6) Splash from screen* 
(c) This 18 the only plate after the apron plate in two batteries, (d) These two plates follow the apron plate in 
SIX batteries, (e) 46 inches on four Datteries, 29 inches on four batteries. (/) This is narrowed to 24 inches at 
the end. (g) This is narrowed to 12 inches at the end. (A^ These plates are divided lengthwise down the cen- 
ter and rest m two boxes, which are removable and are taken up when the plates are cleaned, (i) Made in 
three sections. The last section is Brussels caipet. A strip of wood is laid down the center, {j) These are 
two parallel plates, each in three divisions, the last one of which narrows to 15 inches (see Fig 425a). (fc) These 
are tw o pai nllfl plates, each in three divisions (see Fig. 425a). (1) This is between the screen and the mortar 
lip'st*,‘ l-’ig 42',' (iw) This is a back-deflecting quadrant plate, being a quadrant of a cylinder with 6-inch 
radius ^see h'lg 429). (n) The upper end of the apron plate is turned up one inch under the mortar lip, but 
does not come m contact with it. (o) 7^ inches from screen; 1% inches from splash board, (p) Seven bat- 
teries have ti-inch drop and one has 6-inch drop, (q) Oat the start; ^ inch at middle, (r) First plate after 
clean up barrel, (s) Second plate after clean up barrel (t) This is between the screen and mortar lip and is a 
curved convex plaie m the form of a quadrant of a cylinder, (u) Approximately, (v) Divided into two sec- 
tions of 4 feet each, (w) Divided into two sections. 


The location of outside plates, together with their dimensions, and the points 
at which they are interrupted, is shown in Table 330. For the corresponding 
inside plates tiie reader is referred to § 161, and for the traps to § 546 et seq. 
With a few exceptions they all come under one of the following heads: 

(a) Splash plates or plates on the splash board. 

(b) Lip plates or plates on the mortar lips or mortar aprons. 

(c) Apron plates or the wide plates that are disconnected with the mortar. 

(d) Sill ice plates which arc narrow plates usually following the apron plates. 

(c) Shaking plates including plates on the vanner distributors. 

plates were found in only live out of 27 mills. The catching of gold, 
especially if fine, on them, is favored by the fact that the pulp impinges upon 
tliein. Their width is such as to exlend across the mortar. Their length, how- 
ever, is short, only from 8 to 14 inches. According to Adams^ the importance 
of a splash plate as a gold catcher is underestimated. lie recommends that it 
be supported iifion tlie table and not on the mortar; that the slope be over 45° ; 
that tile bottom lie at least an inch below tlie bottom of the screen and the space 
at the hotloTu between it and the screen frame be not over J ii^ch in order that 
it shall receive all the splash. 

Lip plates were found in 12 out of 27 mills. It is on these that the greater 
part of the pulp falls from the screen, and consequently more gold is caught 
here than on an equal length of any of the following plates. Tlieir length is 
necessarily short, 3 to 18 inches, while their widtli is tlie length of the mortar. 
In Mill 7d it will be noticed that the pulp from the screen, before it reaches the 
lip, first falls over a plate about 6 inches long bent in the form of a quadrant 



740 


OME JDHESSJNO. 


§ oiO 


of a cylinder with its convex side up. In Mill 67 the mortar lip is so low that 
the plate is 2 inches below the lower edge of the screen frame being fastened 
to the chuck block by two bands of iron (see Pig. 429). 

Apron Plates . — The term apron plates, as used by the author, will include 
those plates which come next to the mortar and are of a width about equal to 
the length of the mortar ; also all subsequent plates which are no narrower than 
the first apron plate. Apron plates occur in all the mills except 73 and 74. 
Their length varies from 10 inches in Mill 56 to 16 feet in Mills 60 and 61, 
and their width from 46 inches in Mill 71 to 56J inches in Mill 64. In some 
mills they are narrowed at their lower end to the width of the sluice plates. 

Sluice Plates . — There is a looseness in the use of the terms apron plate and 
sluice plate, but, as used by the author in conformity with the custom in a ma- 
jority of the mills, sluice plates are those 
that are narrower than the length of the 
mortar, or than the plates preceding. 
Sluice plates were found in 11 out of 
27 mills. Their length varies from 3 feet 
8 inches in Mill 64 to 22 feet in Mill 
73. The width varies from 12 inches in 
Mill 73 to 48 inches in Mill 57. In 
Mills 64, 65, 71, 73 and 74, there are two 
sluice plates side by side, which are equiv- 
alent to one wide plate. They enable the 
attendant to run the whole pulp over one 
while the other undergoes the daily dress- 
PiQ. 429. — FIRST PLATES OF ing and cleaning. 

MILL 67. As sluice plates narrow the stream of 

pulp, they are now generally condemnc'd 
by the authorities. The mills using them are in the minority and the tendency 
is to do away with them. Mill 60 is a new mill, and has no sluice plates. Mill 
57 has put in a new arrangement on two batteries, namely a very wide sluice 
plate after the apron plate; the old arrangement, still used on six batteries, is 
two sluice plates in series, the first of which is narrow while the second is wide. 
The first arrangement does better work, even though its total plate area is 
slightly less than that of the second. 



According to Kickard, it is best to have all the plates, from beginning to end, 
of the same width, which width should be slightly greater than the length of 
the screen discharge. If much wider, it is difficult to get good distribution. 
If narrower, the current becomes deeper and swifter, more eddies are formed, 
and the wave effect is somewhat broken; all of which have the ultimate effi^ct 
that the catching of gold is hindered. The arrangement used in Mill 76 (Table 
330) appears to the author to be very satisfactory. 

ShaTcing Plates. The old scheme of using plates mounted on a shaking table 
was found only at the Mayflower mill in Colorado which used shaking amal- 
gamated copper riffle plates supplied with an electric current. Shaking plates 
10 leet long and 48 inches wide were formerly used at Mill 57, where they were 
said to save $50.00 per day, after the sluice plates, but were given up the idea 
being that probably what they saved would be caught by the vanner What are 
m effect shaking plates are made by putting plates on the distributors of the 
vanners This was observed in 5 out of 27 mills of Table 330. Experience 
shows that shaking plates will save some gold and amalgam which has passed 
the stationa^ plates, the amount depending upon the ore and the manner in 
which it IS treated. This is due not only to the settling of the gold directly 
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by the shaking motion, but 
also to the diminished slope 
which is used. They are 
mounted on suspended or 
movable frames, and may have 
either a side or an end shake. 
For the former, McDermott & 
Duffield^^ recommend 180 to 
200 throws per minute of 1 
inch each ; for the latter, Pres- 
ton®° gives 200 throws per min- 
ute of f inch. Snyder^^ rec- 
ommends gyrating plates as 
giving better contact than 
either side or end shaking 
plates. Such plates were for- 
merly used by the Ottawa Gold 
Mining and Milling Co., at 
Keewatin, Ontario, but were 
given up on account of fre- 
quent breaks and unsatisfac- 
tory results. 

Mill 77 uses a thin amal- 
gamated copper plate on the 
surface of No. 1 bumping ta- 
ble. This is cleaned every two 
months and yields 1 ounce of 
amalgam with a much higher 
proportion of silver to gold 
than the average of the mill. 
This copper plate lasts only 
one or two years, but will more 
than pay for its renewal when 
worn out, by its gold and silver 
value. 

Miscellaneous Plates. — 
There are a few plates in the 
mills which are not included 
in the five ])reeeding clabses. 
Plates are uscul in several mills 
aft('r the clean up barrel, 
among w]ii('li are (5/5, 72, 73 
and 71; in Mill (>() as lining 
for th(' No. 1 mercury trap; in 
Mills ()() and (58 as lining fur 
]aund(‘rs; in Mill 01 as a 
curved quadrant plate (se(‘ 
Fig. 429), the first object of 
whi('h is to distribute the pulp 
on the apron, but it is a saver 
of gold and mercury to a con- 
siderable extent; in Mills 02, 
OT), 73 and 74 on back deflect- 
ors. This use of back de- 
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flectors, with plates on them^ shown also in Fig. 431a, shortens up the length of the 
table and makes the plates comp'aut, but it lacks simplicity. 

Swinging plates in sluices have been used to catch float gold. They are curved 
pieces of amalgamated plate extending the full width of the sluice and suspended 
from above so as to be partially submerged, with the concave side toward the 
coming stream. 

§ 520. Arrangement of Plates. — The arrangement of the plates with the dis- 
tributors and traps varies greatly in the mills, from a simple arrangement con- 
sisting of a large apron plate followed by a mercury trap, in Mills GO, 70, 84, 85, 
87 and 88, to the more complicated arrangements, such as Mill 62, which has five 
separate plates with mercury traps and back deflectors interspersed. The ar- 
rangement in Mill 67 has already been shown in Fig. 429, that of Mill 64 in Figs. 
425a and 425&, and that of Mill 57 for the new scheme, in Fig. 427. An arrange- 



FIG. 431a. — ^ELEVATION OF PLATES IN THE GOVER MILL. 



FIG. 431^. — PLAN. 


ment used in the Cross mill, Colorado, with a Tremain vstcam stamp, is sliown in 
Fig. 430, and another of the Cover mill, California, in Figs. *131^ and 131/;. 
Australian mills, as a rule, have their plates considerably broken u]) by nu'reury 
wells and traps. 

One large plate, like that in the six mills cited above, Ijas tli(‘ advanlage that 
it is easily eared for, but it lacks a very imporiant aid to the catching of amal- 
gam, viz.: the use of steps or drops along the line of plates so that the pulp falls 
upon the head of a plate from a height of not over 21 inches, "khese cause many 
of the particles of float gold to come into contact with“ the surface of the [)Iate and 
be saved. They also servo an additional purpose to that of simply catching amal- 
gam, inasmuch as they act as very ellicient distributors for the pulp, so that the 
motion of the pulp is that of regularly reciuTing waves which help and assist 
amalgamation by rolling over the sands. This breaking ud of aomn rJoin.- 
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sluice plates into overlappping sections also allows them^ in many eases, to be 
easily removed and interchanged, which makes it easier to keep the whole line 
of plates in good condition. 

The amount of the drop is very important; if too much, the falling sand 
very soon scours away the amalgam on the plate, exposing the red copper and 
completely undoing the work which the drop was intended to perform. When 
the drop is right, however, the amalgam will build up under the stream more 
than at any other place. As shown in Table 330, the height of fall exceeds 2^ 
inches only in a few instances, and the average is not far from 2 inches. In 
Mill 72, on seven batteries where the pulp fell 8 inches upon the lip plate it had 
cut holes entirely through the copper, while on one battery, where the drop was 
only 5 inches, the cutting did not occur. Mill 76 has studied this question and 
advocates that pulp be never run over 3 feet, or, better, 2 feet, without allow- 
ing it to drop. In this mill, where the pulp drops inch from the lip to the 
apron plate, the amalgam builds up ten times as much as anywhere else. 

A scheme of drops favored by Mr. J. E. Clayton^®, is to drop the pulp upon 
the plates through sheet iron distributors a punched with ^-inch holes with the 
buhr left on (see Fig. 432). He found that if the fall was too great, the 
streams cut holes, and if too small it built stalagmites. He preferred 1-J- 
inches drop. He recommends short plates, as the main catch takes place under 
the distributor. Under ordinary conditions, three short plates were sufficient, 
but where the gold is fine and difficult to amalgamate the number may be in- 
creased. 

Louis Janin, Jr.,* holds that the use of drops is unnecessary, and that it 
is better to employ a straight run of plates of large area which will effect as 
high a saving as with the use of drops. 

§ 521. Distuibutohs and Collectors. — The distributors and collectors used in 
the arrangement of plates merit a little attention. As their name implies, 
the distributors serve first to distribute the pulp evenly over the plates. They 
may also serve, second, as a means of cutting out one side of a plate in mills 
where double plates are used; and, third, as a mercury trap. 

The distributing arrangement in Mill 71 is quite elaborate. The pulp 
from the apron plate passes through No, 1 mercury trap and then over two 
steps. Those steps are 11 and 3 2 inches high respectively, and are covered with 
rubber. Jt then passes over No. 2 mercury trap and over an inclined surface 
one inch long to the sluice plates. 

In Mill 72 a transverse collecting launder follows the lip plate. The pulp 
then passes through a 2J-inch pipe, on the end of which is a T, both branches 
of which deliver into No. 1 mercury trap. This pipe arrangement gives free 
access to the front of the mortar for cleaning up. 

Mills (if), 73 and 74 have a transverse trough at the end of the lip plate. 
The trough lias two holes about 3 inches diameter in it, each a quarter of the 
distance from either end. Each half of the trough drains toward its hole. 
When it is desired to clean one side of the No. 1 sluice plates, one hole is 
plugged and the pulp all passes out of the oth(T. Each spout delivers over a 
back ddlecling plate, about 5 inches long to the head of the No. 1 sluice plates. 
'The trough is II inclu's wid(‘ in Mill 73, and (I inches wid(‘ and 6 inches deep 
in Mill 05. Mill 8t has a distributor lu'fore its plates, wliieh consists of a trans- 
verse trough 48 indies long 12 inches wide, with 24 holes i inch diameter in its 
front sid{‘ 1 ineli above the bottom. 

Distributors, which also serve as mercury traps, are described under that head. 
See S 546 et saq. 

The use of plate distributors is shown in Figs. 431a and 4315, where the pulp 


* Private communication. 
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from the apron flows over a trough, and then over two distributors of copper 
plate punched with holes 1 inch apart to break up and distribute the pulp to the 
sluice plates. Another one, shown in Fig. 437 of the South Clunes United mill, 
consists of a perforated iron plate 1 foot wide, inch thick and extending 
along the face of two batteries. The holes in it are ^ inch diameter and are 
1 inch center to center, arranged in squares. It distributes over the apron lead- 
ing to mercury wells. 

§ 522. Total Dimensions, Area, and Thickness of Plates. — The width of 
plates has already been discussed under sluice plates, § 519. 

The total length of plates may be obtained from Table 330. It is perhaps the 
most important single dimension to be considered in designing plates for a mill, 
but it would seem better to use area instead of length as the basis of computa- 
tion. 

The total plate area of a mill should be sufficient to catch practically all of 
the free gold. With an excess of area it is difficult to keep the last plates in 
good condition, owing to the very small amount of gold caught upon them. It 
is better to have an excess than an insufficiency, however. The areas of the in- 
dividual plates given in Table 330 have been summed up and the total plate 
area of each mill is given in Table 331. 

TABLE 331. — TOTAL AREAS OF OUTSIDE PLATES. 



The area to be used will vary with the conditions. Where the gold is coarse, 
the area may be less than where the gold is fine. Note the small plate area in 
Mill 56, which treats ore containing coarse gold. Where inside amalgamation 
is practiced, the area need not be so large as where all the gold is caught outside. 
Where narrow sluice plates are used, the area needs to be greater than with 
wide apron plates. Where there are numierous drops in the line of plates, the area 
of the plates may be lessened. The areas shown in Table 331 vary from 9.75 
square feet in Mill 56 to 102 square feet in Mill 73. The average of the 26 mills 
is about 55 square feet. In this connection it is well to keep in mind the fact 
that there are certain standard sizes made in rolling copper plates, and it is k'ss 
expensive to arrange to use plates of corresponding sizes in the mill rather than 
to use such sizes as will necessitate cutting and waste. 

The thickness of plates as shown in Table 330 is generally inch. In Mill 

66 it is as high as A inch, and in Mills 65, 73 and 74 as low as inch. The 
thicker they are the less liability there is of serious denting from articles fall- 
ing on them. 

§ 523. Slope of Plates. — The slope of plates is a very imporlant adjustment. 
If they are too steep, the pulp rushes over them too rapidly, and the gold and 
amalgam have less opportunity to settle and adhere. Furthermore, the amal- 
gamated surface will be scoured off. If they are not steep enough, then sul- 
phurets will deposit on the plate and reduce its working area. The plates should 
be perfectly level from side to side. The slope should be mad(‘ adjustable, al- 
though this is seldom done in the mills; the idea being, perhaps, that some stability 
and simplicity are sacrificed by so doing. By using a table similar to that of Mill 

67 previously described (see § 517), it seems that these difficulties are overcome. 
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As shown by Table 330, the slope varies from 1 inch per foot or 4° 46' in Mills 
56, 59 and 66, to 2 ^ inches per foot or 11° 46' in Mill 68. There are a few plates 
that come outside of these limits, but they are short plates on mortar lips, or on 
deflectors. According to Preston^®, as low as inch is sometimes used. 

The slope to be used depends upon the following conditions, other things be- 
ing equal in each case. More slope is required for an ore with a large amount 
of sulphurets than one with a small amount. More slope is required for a bat- 
tery with a high crushing capacity than for one with a low capacity. An ore 
coarsely crushed requires more slope than an ore finely crushed. A wide plate 
requires more slope than a narrow one, as the water is spread out in a thinner 
layer on the former and its carrying power is consequently lessened. In chang- 
ing from wide to narrow, unless the slope is reduced on the narrow plate, there 
will be a tendency for it to be scoured. Mill 58 may be an example of this, 
where for sluice plates 46 inches wide, a slope of 8° is required, while for sluice 
plates 29 inches wide, 7° 35' is sufficient. This principle is not followed by all 
the mills in the table, as some have the same slope on both wide and narrow plates 
and one. Mill 71, has a greater slope on the narrow sluice plates. Shaking 
plates or plates on the distributors of vanners require less slope than fixed plates. 
Thus in Mill 57 a shaking plate which was formerly used had a slope of only 
inches per foot, while the apron plate had inches. A short plate with the 
pulp falling upon its head requires less slope than longer plates, as the pulp ac- 
quires a certain acceleration by its fall which helps to carry it over the plate. 
The greater the quantity of water used, the less will be the slope required. It 
is generally considered better to use only as much water as is absolutely nec- 
essary to cover the whole width of the plate and make the pulp sufficiently di- 
lute, and have a moderately high slope corresponding, than to use a flood of 
water and a low slope. Mill 69 found that with an ore containing 10% sul- 
phurets, a slope of 2 inches per foot was better than If inches, as it required 
less water to keep the plates clear. With the slope of If inches more water was 
used than was necessary for the vanners, and even then there was a slight ten- 
dency to deposit sulphurets. 


TABLE 332. — SLOPE OF PLATES IN AUSTRALIAN MILLS. 


Nam« of Mill 

Location. 

Slope of Plates 
Inches 
per Foot. 

Water per Bat- 
tery per Minute 
Gallons 

New Star of the East 

Ballarat 

% 

3714 



% 

37}4 

UrittiiniJi TTnif.ftfl 


1 

25'* 

Hari’ietville 

Ovens District 


25 

Oriental 



20 

^ 11(1 

Bendigo 



N<‘w For tuna 




Pearl 


m 

32^4 

Nnvv Ohuni ( ’onsoIi'ltiteM 


m 






Table 332, obtained from Rickard’^, shows that out of 9 Australian mills, 5 
have a slope of 1 inch or less per foot and use all the way from 20 to 37-J gal- 
lons of water per battery per minute. None of the American mills which have a 
slope of 2 inches or over ])er foot in Table 330, use more than 20 gallons of 
water per battery per minute. 

Spcrry^^ reports that in using a Tremain steam stamp on an ore containing 
a large proportion of oxides of iron and manganese, it was necessary to use as 
much as 3,000 gallons of water per ton of ore to keep the plates clear, when they 
sloped 14 inches per foot. This was reduced to 1,000 or 1,200 gallons by in- 
creasing the slope of the plates to 2 inches per foot. 

It may be noted in this connection that Mill 64 (Figs. 425a and 4255) and 
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the Gover mill have a water trough running crosswise over the head of the 
plates for supplying additional water if desired. This water, falling on the 
plate, retards the pulp at the point where it strikes and helps to catch the gold. 

The rule which appears to be generally followed in adjusting to get the best 
slope, is to make it as small as possible without allowing sulphurets to deposit. 

Adams^ advocates a radical departure in regard to slope. He holds that the 
slope of plates should never be less than 2-J inches per foot (11° 46'), be- 
cause in that case an excess of water will be required to keep all the pulp mov- 
ing, and then the water will be so deep that fine gold will be held in suspen- 
sion and may not touch the plates. A slope below inches also allows too 
much quicksilver to be used, making the amalgam so soft that there is more 
tendency for it to be carried off the plate and cause a loss of gold. The corol- 
lary of the above is that it would not be wise to increase the slope beyond that 
necessary to reduce the water to the minimum favorable for stamping. 

§ 524. Speed of Waves and Thickness of Film. — ^When the slope is right, 
the pulp covers the whole plate and flows down in a series of waves which roll 
the grains in the pulp over and over, and give them an opportunity to come 
in contact with the surface of the plate. The speed of these waves is an indi- 
cation of correct adjustment. A few figures, which the author obtained from 
the mills, are given in Table 333. 


TABLE 333. — SPEED OP WAVES ON PLATES. 


Mill Number. 

Kind of Plate. 

Length. 

Time for Wave to 
Traverse It. 

Velocity of Wave 
per Second. 



Feet. 

Inches 

Seconds. 

Inches. 

fil 

Apron plate 

16 

0 

6 

82 

61 

Sluice plates 

8 

0 

4 

24 

65 

Sluice plates 

21 

0 

j At edge, 6 

42 

67 

Apron plate 

10 

0 

1 At middle, 11 

5 

22.9 

24 

^ 

Apron plate 

8 

0 

2W 

42.7 

78 

No. 1 sluice plates 

22 

0 


33 

74 

Sluice plates 

21 

6 

(a) 8 

32^ 


(a) Some traveled in 6 seconds at the middle, making their velocity 43 inches per second, due to the 
concave form already noted in § 517. 


This table brings out the fact that the total range of velocity of waves (not of 
the pulp) is only from about 23 to 42 inches per second. The most rapid is 
Mill 68, which, as previously shown, has also the steepest sloping plates found 
in the mills visited. 

The thickness of the film was taken on each of a pair of sluice plates in 
Mill 65. The results are shown in Table 334. 


TABLE 334. — THICKNESS OF FILM ON PLATES OF MILL 65. 



At Upper End of 
One Plate 

At Lower End of 
One Plate 

At Upper End of 
Other Plate. 

At Lower End of 
Other Plate 

Thickness in inches 
at crest of wave. . 
Thickness in inches 
at trough of wave 

At edge. 

[ 0.190 

}■ 0.179 

At center 

0.166 

0 140 

At edge 

0 078 

0 045 

At center. 

0 094 

0 014 

At edge 

0 103 

0 078 

At center. 

0.0G4 

0 052 

At edge. 

0 no 

0.049 

At center. 

0 1,50 

0 020 


The shape of the wave on the plate first measun'd is shown in Fig. 433, and 
the points of measurement are shown by the two crosses. Similarly the shape 
of the wave at the lower end of the other plate is shown in Fig. 434. The table 
shows that as a rule the film on these plates is thicker at the edge than at the 
center of the plate. This agrees with the fact that the wave in this mill travels 
nearly twice as fast at the edges as at the center. The thinner the film, the 
greater is the retardation. In most mills, however, the wave is faster at the 
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center and the film thickness would consequently probably be greater at the 
center. The table also indicates that the film is thinner at the lower end of the 
plate than at the upper end, probably owing to the fact that the pulp increases 
in velocity as it flows over the plate. 

§ 525. Materials of the Plates.— Amalgamated plates may be: 

Copper coated with quicksilver. 

Copper coated with silver amalgam or gold amalgam. 

Copper plated with silver and coated with quicksilver. 

Muntz metal (copper 60%, zinc 40%) coated with quicksilver. 

Pure sheet silver coated with quicksilver. 

Rough board covered with amalgam. 

In addition to the above, surfaces of blanket or carpet ’are used to catch gold 
and amalgam, but these cannot strictly be called amalgamated plates. 

Quality of the Copper for Plates. — ^Whether plain copper or silver plated cop- 
per plates are used, only the purest and softest 
annealed Lake Superior or electrolytic copper 
should be employed. Annealing is necessary 
to soften up the hard skin formed by rolling 
and to make the copper porous for receiving 
the mercury. If the mill man is unable to pur- 
chase a copper plate already annealed, the an- 
nealing may be done as follows : the plate with 
the face to be amalgamated uppermost, is sup- 
ported a short distance from the ground, pref- 
erably upon a layer of sand on an iron plate. 

A fire of shavings and chips is built beneath and the plate is heated all 
over hot enough to char sawdust or a piece of paper on top. It is 
then allowed to cool slowly or it may be chilled at once in water; it matters 
not which method is used so far as the annealing is concerned, but the slow cool- 
ing will probably yield the truer surface. This heating softens up the surface, 
making it porous, and removes all the stresses due to rolling. If, after anneal- 
ing, the plate is warped or buckled, it is laid upon its table and trued up by light 
blows with mallet and wooden block. 

Plain Copper Plates coated with QuicTcsilver are used in Mill 66* and on the 
first 8 feet of plates in Mills 65, 73 and 74. A surface of copper amalgam is 
formed on such plates, which is a poorer catcher of gold than either gold or silver 
amalgam, and as a consequence it is necessary to run, say, 100 tons of ore over 
the plates before they have become sufficiently charged with gold amalgam to be 
good catchers of gold. The extra amount of gold lost with this 100 tons of ore 
is partly due to what escapes into the tailings and partly to what is absorbed into 
the plate. To this phenomenon has been given the name the new plate error. 
Mills 65, 73 and 74 rely upon the later silver plated plates and on the vanners to 
save any loss from the new plate error. 

Plain Copper Plates coated with Amalgam are used in Mills 67 and 77. The 
author is in doubt whether Mill 72 belongs to this class or to the preceding. By 
the painting on of a thin coating of gold or silver amalgam, the plate becomes 
a good catcher of gold from the start and the new plate error, which occurs with 
plain copper coated with quicksilver, is avoided. Regarding the relative merits 
of gold and silver amalgam, the author’s experience on test runs places the catch- 
ing power of the latter very high. Authorities (Keith’®®, Louis’®, Rickard’®) 
however claim that a plate covered with gold amalgam catches gold better 
than one covered with silver amalgam. 

Silver Plated Copper Plates coated with Mercury are used in 19 mills (see 



* Since writing the abnve, silver plated plates have been introduced 
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Table 330). The mercury unites with the silver and forms a coating of silver 
amalgam, thereby avoiding any new plate error. The amounts of silver used per 
square foot and the time intervals between replating are shown in Table 335. 


TABLE 335. — SILVER PLATING. 


Mill Number. 

Amount of Silver Used 
per Square Foot 

Interval of 
Replating. 

Mill Number. 

Amount of Silver Used 
per Square Foot. 

Interval of 
Replating. 

66 

Ounces. 

2 

1 

Months. 

12 

68 

Ounces. 

1 

Months. 

Never. 

57 

?1 

1 

12 

58 


12 

78 


59 


74 



60 


82 

1 

Never. 

61 

m . 

2 

24' to 86 

8 to 12 

84 

1 

62 

86 

1 


66 





Five use one ounce per square foot, one uses If ounces, two use 2 ounces, four 
use 2^ ounces, and one uses 5 ounces per square foot. Mills 68 and 82 do not 
replate because hard amalgam accumulates and the plate is melted down after 
three or four years. 

It is claimed that an ore rich in free gold will require less silver per square 
foot and require replating less often than a poor ore, because the gold amal- 
gam forms fast enough to prevent the scouring off of the silver by the sand. 
Table 335, however, does not bear out this statement; the mills with two or 
more ounces silver are treating as rich or richer ore than those with 1 ounce. 
With ore containing $2.00 to $6.00 free gold per ton 1 ounce of silver per square 
foot is claimed to be too little. 

The interval of replating depends not only upon the thickness of the plating 
and the richness of the ore, but also on the care used in scraping the plates. 

Comparison of Plain Copper and Silver Plated Plates . — Hardman prefers 
plain copper plate, coated with gold amalgam, for a company mill, as, if properly 
managed, it catches gold just as well as a silver plated plate, and it costs less than 
the latter. For a custom mill he prefers silver plated plates, to overcome the over- 
lapping error due to the absorption of amalgam by a plain copper plate. By 
using a silver plated plate, practically the full value of amalgam can be recovered 
from the plates after each run. The use of silver amalgam on plain copper will 
also prevent the gold in the ore from coming in contact with the copper to any 
considerable extent, and thus overcome the overlapping error, but its use in 
custom mills is not general as it brings in another item in settling accounts. 

Silver plated copper is easier to keep clean than copper plate, but oven on the 
former some stains, due to oxidation of copper, occur. It is claimed by some 
mill men that the pickling a plate undergoes before the plating, causes salts to be 
retained which later come out and cause stain. Louis Janin, Jr./ holds tliai 
where the gold is fine, requiring the plate to be kept in first class condition, 
silver plated plates are preferable since they can be kept in prime condition 
with less attention than copper plates. 

At the Harnctville mill in the Ovens district, Victoria, two batteries work- 
ing side by side on the same ore, each had throe platt*s in series. In No. 1 
battery there was one silver plated plate followed by two of plain co])per in 
series. In No. 2 there were two silver plated plates, in series, follow(‘d by one 
plain copper. After a year’s run the last plate of No. 1 was w(‘ll anialga mated, 
while the last plate of No. 2 was wscarcely whitened. This was taken to indi- 
cate that silver plated plates were much better for catching amalgam than were 
plain copper. 

At Sierra Buttes mills, one set of batteries gave up silver plated plates because 
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the plating wore out too fast. The ore in this case contained snlphnrets. An- 
other set of batteries treating ore with no snlphnrets, conld not work satisfacto- 
rily without silver plated plates, presumably on account of the amount of stain. 
The presence of snlphnrets cannot have been the whole trouble, as many mills 
are using silver plated plates successfully with ores containing snlphnrets. 

A comparison of plain copper with silver plated copper amalgamated plates at 
the Colombian mines, Eemedios district, Antioquia, Colombia, has been given 
by E. liaise.* The ore is quartz, containing from 1 to 5% of sulphides, chiefly 
iron pyrites with some galena and blende. The sulphides carry most of the gold 
and silver values although some free gold occurs in the ore. From the stamps 
the pulp passes over an upper amalgamated plate 3 feet inches wide, and 6 
feet 6 inches long, followed by a lower plate of the same width but only 1 foot 
long; thence over a mercury trap to blanket tables and finally to waste. The 
concentrates caught on the blanket tables are further concentrated in a narrow 
chest and on an inclined table; the heads from this treatment have the gold 
extracted by an arrastra, while the tailings are shipped to England. Mercury 
is added periodically in the stamp mortar. 

The accompanying table shows the comparative results of work extending 
over considerable periods of time. The table shows that of the total gold re- 
covered, the silvered plates yielded 15% more than the plain copper, and the 
percentage of gold caught above the blankets was 16.72% greater. 


Gold Saving Appliance. 

Plain Copper 
Plates. 

Upper Plates Silvered ; 
Lower, Plain Copper. 

Silvered Plates 
only, (a) 


15.46^ 

53.976 

14.99^ 

66.7625 

20 9TSC 

69.17 


Mercury traps. 

6.74 

2.645 

1.765 

niftnlrfttfi- - T 

12.i8 

3.9675 

11.685 

1.305 

6.80 

Arrftst'i'a Tf 

12.645 


Totals 

lOO.CW 

75.176^ 

lOO.OOOjt 

64.3975^ 

100.000^ 

9l.895jg 

Gk>ld caught above the blankets 



(a) These consisted of a lip plate 3 inches long and an apron plate 7 feet, 3 inches long. 


This is partly due to the fact that more mercury was used with plain copper 
plates. The plain copper plates tarnished badly owing to acid water, and had 
to be washed frequently with potassium cyanide solution. The use of a silver 
amalgam coating, of nitric acid, or of iron riffles to promote electrolytic action 
did little or no good. Unslaked lime and lumps of potassium cyanide in the 
inortars partially remedied the difficulty. Silver plated plates tarnished not 
at all, and the use of all nostrums was discarded except that of putting 20 to 
50 prmnds of lime in the mortar daily to counteract the acidity of the water. 
Silver plated plates when now required no dressing except the rubbing in of a 
little mercury, but after some months a daily wash with sal ammoniac solution 
was needed. 

liaise ('onsiders that there is a greater loss of gold with plain copper plates 
due; (1 ) to amalgam passing by the tarnished surface; (2) to amalgam loosened 
from the plat(‘s by the washing with cyanide and lost mechanically; (3) to 
amalgam losl chemically by tlie same reagent. lie estimates this loss to be at 
least 5%, and possibly *10%, of the total gold recovered. The fineness of the 
bullion was also found to b(‘ higher with silver plated plates. The ore yields 
0.96 to 2.32 ounces of bullion per ton; this bullion averages about 600 fine in 
gold and 350 fine in silver. 

James K. Cooperf wiites in comment upon Halseys tests that the larger 
amount of mercury used with the plain copper plate will in part or in whole ac- 

^ivst Min and Mf't Vol IX,(1(K)1), p 155 
^ Engineering mid Mining Journal, VoX LXXI OOOT), p 830 
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count for the carrying of more gold down to the blankets^ and that the relative 
amount of stain on the copper plate is a measure of the inipurity (oxygen) in 
the plate, a pure soft copper being free from trouble, an impure hard copper 
with high percent, of oxygen giving great trouble, and since Halse does not state 
the analysis for oxygen of his plain copper plate the results are not conclusive. 

In reply* Halse states that no analysis of the copper plate is available, but 
that he considers it to have been of good quality, being that commercially known 
as ^^Drazier^s copper.^^ The annealing was carefully done and the whole surface 
scoured to bright copper before amalgamating. He thinks that the staining was 
not due to imipurities in the original copper, although he is unable to give positive 
proof. 

Sharpless^^ gives an instance of a silver plated plate which, with warm water 
(about 80°r.) flowing over it, became covered with a very hard crystalline 
amalgam and caused much trouble. Spots where the silver was worn off, how- 
ever, remained in good condition. 

Muntz metal plcdes coated with mercury (copper 60%, zinc 40%) are used 
in the Thames district of Hew Zealand, originally as an expedient, but now 
they are preferred to copper. According to Eickard, they absorb comparatively 
little amalgam, making them eflBcient from the start, and they can be cleaned of 
amalgam without the use of steel scrapers, and are therefore advantageous for 
custom mills, except where the ores are comparatively rich. They are cheaper, 
the amalgam on them is not sickened so much by base minerals, that is, by many 
of the minerals containing lead, copper, iron, arsenic, antimony, etc., and stains 
from grease, etc., do not form to such an extent as on copper plates. This may 
be due to electrolytic action of the zinc and copper liberating hydrogen from the 
water, which has a reducing effect. On the other hand, acid water causes a 
scum in some cases, which does not occur with copper. After a time, Muntz 
metal plates become brittle when saturated with amalgam and break when 
cleaned. According to Louis Janin, Jr.,f several mill men in Hew Zealand claim 
that the absorption of gold by Muntz metal is greater than by copper. 

Plates of Pure Silver coated with Amalgam answer quite as well or better 
than silver plated copper plates, because there is less tendency to stain. Their 
high first cost, however, and their liability to be stolen are points against them. 

Rough, unplaned Pine Board Surfaces . — Mills 65, 73 and 74 use a rough pine 
board upon the mortar apron, 1 inch thick and 12 inches wide, flusli with the 
lip. On this the pulp falls from the screen. When used a month it becomes 
coated with amalgam in patches, and can be cleaned up in one-eighth the time 
required for a copper plate. It will not stand the jar of the stamps like a copper 
plate, that is to say, the amalgam will not adhere and accumulate so thick as 
on copper. 

Carpet or BlanTcet Surfaces . — In Mill 62 Brussels carpet is laid over the last 
section of the apron plate. Carpet tables, after plates, are also used in Mill 76. 
For further consideration of these the reader is referred to § 505 and ^ 506. 

Treatment of Plates. — Under this general heading will be considered: 

The Preparation of Hew Plates. 

Maintaining Plates of the Eight Consistency. 

The Regular Dressing of Plates to Keep the Surface in a Bright Condition. 

The Cleaning or Removal of Accumulated Amalgam from Plates. 

§ 526. General Considerations. — Before taking up each of these subjects 
it will save repetition to make a few general remarks which apply to all. 

Copper is easily acted on by air and water to form a coating. Similarly a coat- 
ing or stain of varying colors will form on a plate covered with copper amalgam. 
This stain, commonly called "^verdigris” by m ill men, according to Louis is 

* Eng. and Min Jour , Vol LXXII., (1901), p 464 t Private commiinication 
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hydrated oxide of copper, with or without some carbonate. When water which 
contains sulphates is used, a basic sulphate may also form. Sulphide of copper 
probably also occurs in the coating. This coating may be removed mechanically 
by the use of some abrasive, as sand, or chemically by dilute hydrochloric, nitric 
or sulphuric acids, a solution of a handful of salt and teacup of sulphuric 
acid in 2^ gallons of water, ammonia, sal ammoniac or potassium cyanide. It 
is now considered better to avoid the use of chemicals as far as possible except 
possibly potassium cyanide in the treatment of plates. It is claimed that the 
use of dilute acids, especially nitric, either in the preparation of new plates or 
in the dressing of plates, causes the formation of salts of copper, which will 
sooner or later work out to the surface of the amalgam and make a stain. Nitric 
acid also dissolves silver from silver plated plates. This stain may sometimes be 
formed externally, as, for example, where the ore or water contains acid sul- 
phates of iron or copper formed by the oxidation or roasting of pyrites. In 
this case the action is probably aided by oxygen and carbonic acid from the air 
and water. 

There is another ^eat difficulty in amalgamation besides the staining of 
plates, that is, the "'sickening” and "flouring’" of mercury, not only on plates, 
but also in the stamp mortar. These two terms are used rather promiscuously 
to denote the separation of mercury into minute globules by agitation, as in the 
stamp mortar, which globules are prevented from reuniting by the presence of a 
film of oxide, grease or other foreign substance. Some authors define flouring 
as the separation into globules mechanically by agitation, and sickening as the 
coating over of these globules chemically, which prevents them from reuniting 
again. Among the substances are oxides, sulphates, sulphides or arsenides of 
base metals (lead, copper, iron, bismuth, arsenic, antimony, etc.) which have 
come from the ore or water. Any easily oxidizable metal present in the mercury 
itself oxidizes and may cause sickening. Ores carrying talc, serpentine, graphite 
or clay form a coating on mercury, and cause sickening. Any Babbitt metal, 
which may accidentally get into the stamp mortar, will cause sickening. Car- 
bonate of lead is another cause. 

Trouble from grease may be remedied by the use of an alkali, such as soda 
(soda ash), ]\o or burnt lime (CaO), which are added to the mortar at 
regular intervals. Any trouble from the grease of miner’s candles may be largely 
avoided by the use of stearine candles instead of tallow. The advantage oi 
stcarinc is that it docs not drip over the rocks in the mine. A candle end of 
cither material however should not be allowed in the mortar. Alkalies also 
remedy trouble from acidity. An ea^y remedy for acidity of the water is to run 
it over broken limestone. An instance of the failure of lye is given by Sperry, 
who found that lye (caustic potash) which was used in the mortar to counter- 
act grease, reacted with the sal ammoniac used to dress the plates and produced 
ammonia, which precipitated iron from the water as the hydrate and formed a 
greenish scum. The lye was discontinued and the scum disappeared. 

An extreme example of aeul water is that of the Peak Kill mine. New South 
Wales, where the ore undergoes a rough roasting in heaps previous to stamping. 
A small amount of copper in the ore is changed to sulphate, and is dissolved 
by the water during stamping. As the water was used over and over, it soon 
became strongly charged with this copper sulphate, which deposited a film of 
copper on any fine particles of iron abraded by wear, and in this condition the 
iron, so coated, was readily amalgamated by mercury. Instead of the ordinary 
gold amalgam, a very impure slime amalgam was obtained. The remedy which 
effectually removed the difficulty was to cease using the water a second time. 

A graphite coating on plates may be removed, according to Hardman in less 
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than an hour by putting a shovelful of salt into the battery. As to whether 
this will act for the talc and serpentine coatings, the author is not informed. 

Sodium amalgam has a powerful reducing action, which reduces the metal 
from any oxides, sulphates, sulphides, chlorides, etc., of base metals, and thereby 
removes these causes of flouring. This reducing action, however, causes base 
metals to go freely into the mercury, so that it may do as much harm as good,, 
and, besides, sodium amalgam is troublesome to make and keep. Its use is 
therefore generally not favored. The rule usually given for its employment is 
to add it to the mercury fed to the battery in such amounts that the mercury 
will just adhere slightly to the edges of a nail that has been flled bright. If it 
coats the nail all over, more mercury should be added, while if it does not ad- 
here at all, more sodium amalgam is needed. W. L. Libbey advocates that it 
be made much weaker than this, and reports that mercury containing 1 part 
sodium in 2,000, works very successfully with a Nova Scotia ore containing 
arseno-pyrite and taleose slate, so that the loss of mercury in milling is less 
that ounce per ton of ore. 

An electric current also reduces base metals similarly to sodium amalgam, 
and was found by the author in the Mayflower mill, Colorado. The use of a 
galvanic couple of iron and copper, for the same purpose, was first recommended 
by Aaron. The author found it in use in Mill 67 where an iron strip is used 
at the tail of the plates, as shown in Fig. 428. This strip was intended pri- 
marily to serve as a fastener, but its action was found to be very favorable in 
preventing copper stains on the plates. 

An exception to the common objection to sulphuric acid is made by Louis, 
who says that he has kept new plates beautifully clean by means of a narrow 
leaden trough fixed just above the top plate, which was kept filled with moder- 
ately dilute sulphuric acid, and fitted with a siphon formed from a strip of 
blanket, so as to allow a continuous supply of acid to drip on the plate. This 
acid acts not only by direct solvent action, but also by the action of electric 
couples produced between the copper and any bits of steel or iron which may 
have been abraded from the shoes and dies. 

§ 527. Amalgamating New Plates. — This is divided into two parts : first, 
the cleaning of the copper by any of the agents previously mentioned, to re- 
move oxides and grease, and second, the coating of the plate with quicksilver 
or amalgam. The requisites of the process are that an even coating of amalgam 
be obtained, and all oxide of copper, grease and chemicals used in the process 
be removed. Owing to the rapid formation of oxide of copper when exposed 
to the air, it is necessary to continue the use of the cleaning agents througliout 
the process. The amalgamation is best done with mercury. Nitrate or chloride 
of mercury or sodium amalgam have sometimes been used but are not favored. 

Authorities differ somewhat in detail as to the best method of preparing 
plates. Accordingly, several methods are here given. 

Copper plates, coated with gold amalgam, are prepared by Hardman, at Mill 
67, as follows: Place plate in horizontal position and wash with water. Paint 
the whole surface of the plate with a saturated solution of cyanide of potassium, 
using a 4-inch flat paint brush and moving the brush transversely across the 
plate. The solution dries rather rapidly and one coat is sufficient. Leave plate 
undisturbed for 24 hours, until its surface has turned a dark green. Scrub 
the whole plate bright, beginning at the top, bv the use of some fine sand (usually 
screened from old dry tailings), and a scrubber made of several thicknesses of 
gunny sacking wrapped around a small block of wood. After the green scale 
has all been scoured off, wash the plate with water and sprinkle mercury upon it 
and rub it in with a clean chamois leather, moistening both plate and rubber 
from time to time with a solution prepared by mixing one part of the saturated 
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solution of potassium cyanide with five parts of water. The mercury ^T^ites’^ 
immediately. This scouring and amalgamating can easily be done upon a plate 
10 feet long and 54 inches wide, by one man, in 8 hours. The plate should 
be a perfect mirror when done. Give the plate its proper slope and run water 
over it all night. The next morning, if any green stains have appeared, scrub 
such spots to bright copper and re-amalgamate. Paint the upper two or three 
feet with very fine gold amalgam, or, if gold amalgam is not available, with 
silver amalgam. The fine gold amalgam is best obtained by taking a piece of 
old copper plate well coated with gold amalgam, and ‘^sweating^’ it carefully 
over an ordinary kerosene lamp. The adhering amalgam is scraped o2, put 
into a Wedgewood mortar with a little quicksilver and ground well together. 
Eapidly pouring off the mercury after skimming, leaves the coarser particles of 
amalgam behind, while the portion poured off, if allowed to stand 24 hours, 
may be carefully decanted from the fine amalgam which has settled to the bottom 
and which will be found to be of the consistency of cream. The plate thus 
painted is allowed to stand for at least 24 hours, and as much longer as possible 
before using. The plate is kept quite soft with mercury during the first two 
or three days of its use, the mercury and amalgam being brushed up toward 
the upper end of the plate with a flat paint brush. 

The method of preparing plain copper plates, coated with gold amalgam, at 
Mill 77, is as follows: Scour off the surface scale with tailings and water until 
the surface is bright and smooth. Eub in mercury with tailings and very dilute 
potassium cyanide solution until the whole surface is bright and soft. Eub 
in gold amalgam in the same way with tailings and cyanide. This gold amalgam 
is the needle-like mass of crystals which settle at the bottom of the strainings of 
mill amalgam, heated with hot water before straining. 

For preparing plain copper plates, coated with quicksilver, at Mill 66, the 
practice is as follows: Scour the plates with sandpaper, followed by emery 
cloth or with tailings and a wooden block 4 inches square or with a piece of grind- 
stone, until the face is perfectly bright. If necessary, the sand is often moist- 
ened with a weak solution of potassium cyanide and spots are often removed 
with dilute nitric acid. Apply repeatedly a strong solution of potassium cyanide 
by means of a soft paint brush. After two days sprinkle mercury on this cyanide 
coat and rub it into the plate with a moist cloth, using tailings to help in the 
brightening. When the plate is thoroughly amalgamated, put it into place and 
it is ready for use. More than the usual amount of mercury is added to the 
mortar that the new plate may become normal. This takes from two to four 
weeks, during which time the plates are continually discolored by copper salts. 
To get these into solution, potassium cyanide or ammonia is added to the battery 
water. 

§ 528. Louis’® gives the following method of preparation of plain copper 
plates coated with quicksilver: Fine sand (sea sand if obtainable) is sprinkled 
on the plate, well moistened and rubbed in with a block of wood until every por- 
tion of oxide is removed and the plate has a uniform red surface, care being taken 
at the same time not to scratch it. The sand is then washed off, and the plate 
dried and polished with fine emery paper folded over a block of wood. A per- 
fectly clean dry surface is thus produced. A mixture is then made of about 10 
parts sand to 1 of coarsely pounded sal ammoniac; this mixture is damped with 
water and clean pure mercury is sprinkled into it by squeezing through canvas. 
The mixture is then rubbed over the plate with a piece of canvas or blanket when 
amalgamation will at once begin ; more mercury must be sprinkled on the plate 
from time to time, and the rubbing continued until a uniformlv bright silvery 
surface is obtained. Each square foot of copper will require about \ ounce of 
mercury. The plate is next well washed with water and kept until the following 
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day. It will then probably be found that the plate is dulled and covered with a 
coating of a greenish gray substance. Usually the plate is brightened up with 
a dilute solution of cyanide together with a little mercury. 

For preparing plates coated with silver amalgam^ he proceeds in the same 
way except that he rubs in silver amalgam instead of mercury. The silver 
amalgam is prepared as follows : Dissolve a sufficient quantity of silver coin 
(about i oimce per square foot of surface of the plates) in dilute nitric acid 
in a porcelain basin, with the aid of a gentle heat. Evaporate to dryness very 
gently, preferably over a water bath, and heat till the saline mass commences to 
fuse, and till all its bluish tinge is turned to grayish black, this change indicat- 
ing that all the soluble cupric nitrate is decomposed, insoluble cupric oxide 
being left behind. Dissolve in a small quantity of water and filter into a jar or 
beaker. Add pure mercury to the weight of about three times that of the silver 
used and fioat a few pieces of bright iron on the mercury. The silver will at 
once commence to precipitate and be absorbed by the mercury, forming silver 
amalgam, the process taking a few days to complete thoroughly. ^ - The silver 
amalgam so produced should be of pasty consistency, and contains about 3 
parts mercury to 1 part silver. This amalgam is then rubbed hard all over the 
surface of the amalgamated plate, which is kept moist with a dilute solution of 
potassium cyanide ; a good rubber for this purpose is made from a strip of pure 
india rubber f inch thick, and about 6 inches long screwed to a strip of wood 
which forms its handle and projecting J inch therefrom. The rubbing must 
be continued until the whole of the plate is completely coated with silver amal- 
gam, which will then keep the plate from tarnishing. 

The author’s experience has been that the removal of any copper from the 
silver is unnecessary, and that nearly all of the silver is precipitated in from 
30 to 60 minutes, and what little is left may be extracted for another occasion. 
The essential thing is to keep the solution acid to prevent the precipitation of 
basic salts of mercury; a large excess of acid, however, should be avoided. It 
has been found best to amalgamate the plates with mercury first, then to dry them 
carefully with cotton batting, as the least addition of water will bring out the 
yellow stain. The silver amalgam can be painted on with a long bristle flat 
brush just before the plates are to be used, or, preferably, over night. In 
the latter ease, the amalgam forms a harder coating upon the surface, which is 
more permanent. The proportions which have been found by the author to work 
satisfactorily are to use for each square foot of plate: silver, 7 grams (about 
\ ounce) ; nitric acid (1.2 specific gravity), 28 cubic centimeters ; water, GO ciii)ic 
centimeters; mercury, 112 grarals. Precaution should be taken not to boil the acid 
in dissolving the silver, as the volume of the solution is thereby li'ssened. 

For coating Muntz metal plates with quicksilver they are scoured with fine 
sand, washed with water, cleaned with sulphuric acid (1 strong acid to G of 
water) and then the quicksilver rubbed in. 

§ 529. The method of electroplating a copper plate at Mills 65, 73 and 74 
is as follows: If the plate is an old one, first heal it to a cherry red to drive off 
the quicksilver. Paint the back of the plate with a coat of asphalt varnish and 
leave 24 hours to dry. This serves to prevent the back from being affected dur- 
ing any of the subsequent operations. 

The cleansing or ^^pickling,” as it is called, has several steps. First leave the 
plate over night in a solution of 1 part sulphuric acid to 16 parts water. In 
the morning, take it out and scrub with pumice and a bristle brush. Pour a 
mixture of 1 part nitric acid to 2 to 3 parts sulphuric over the plate, until all 
parts are acted upon. Wash thorouirhlv with water and scrub. Wash with a 
solution made by dissolving a spoonful of mercury in an excess of nitric acid 
and diluting in a tub of water. This leaves a thin film of mercury on the plate 
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and prevents oxidation. Wash and scrub with a solution made by dissolving 4 
pounds of potassium cyanide in 15 gallons of water. Eepeat without scrubbing. 
The plate is then ready for plating. 

The bath consists of a solution of silver chloride in potassium cyanide. To 
make it, dissolve fifty ounces of pure silver (a convenient amount) in nitric acid, 
evaporating solution to dryness, making thereby silver nitrate. Put this with 
5 gallons of water into an earthen jar. Place in a darkened room and add 
common salt, which precipitates the silver as silver chloride. The theoretical 
amount of salt necessary to complete the reaction is 0.5421 parts by weight for 
each part by weight of silver used, but in practice it will be necessary to add a 
little excess. Too great an excess is to be avoided as silver chloride is somewhat 
soluble in strong brine. Vigorous stirring is necessary to effect the precipitation. 
Filter the precipitated silver chloride and wash thoroughly and dissolve it in 
potassium cyanide solution, using only just enough of the latter to dissolve it 
completely. Add one-fourth as much more of cyanide and dilute with water 
until it contains 3 ounces of silver per gallon ; this bath is ready for use. The 
bath deteriorates while depositing and requires fresh addition of cyanide of 
silver from time to time. The chloride of silver dissolved in potassium cyanide 
is preferred at these mills to cyanide of silver dissolved in potassium cyanide 
because it is claimed that the silver deposited from the former solution is not 
so compact, and is a better catcher of gold than that from the latter solution, 
which is more commonly used for plating tableware, where the deposit is re- 
quired to be finer grained and harder. 

The vats (see Fig. 435) used for the bath are of wood, with the surface and 
corners made tight by melted as- 
phalt. They are G feet 2 inches long, 

30 inches deep and 20 inches wide. 

There arc 13 anodes of silver sus- 
pended from a rod along the middle 
of the tank so that their surfaces are 
paralhd to the sides of the tank. 

Each is 3 inches wide and 2 feet 
long, making the total anode sur- 
face 13 square feet. Two copper 
plates, each GX2 feet, are put in at once, one at each side of the tank, 
and 10 inches distant from the anodes. The current is 25 ainperes with 
4 volts, and is obtained from a dynamo driven from an independent 
wat(‘r wheel. The thickness of the plating amounts to 24 ounces per square 
foot. This is determined by weighing a test plate A, which has an area of 8 
square inches. Plating takes from 8 to IG hours, depending chieflv on the con- 
dition of the bath. The greater the anode area the more spongv the deposit. 
Wh(‘n the plating is finished, the plates are taken out, washed with water and 
amalgamated by rubbing with mercury. 

John Tlays Trammond"^' (1888) gives the cost of a plant for plating 6X4-leet 
copper plates at about $1,200, of which $1,100 is for the solution. A dynamo 
requiring 1 1 horse power will be required to do the work and will cost about $225 
more. The cost of plating is a little more than 'the actual cost of the silver used. 
Silver taken from the solution must be replaced by the addition of equivalent 

silver anodes. . . 

At Mills G8 and 82 the cost of an apron plate, 8 feet long, 52 inches wide, 
4 inch thick, and coated with 1 ounce silver per square foot, is $90.20. 

Halse* considers the proper preparation of silver plated plate‘s to be very 
essential to good work. His method is to scour the plate (previously plated with 

• Inst Min. and Met.., Vol IX , (1001), p 



FIG. 435. — PLAN OF SILVER PLAT- 
ING VAT. 
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1 ounce of silver per square foot) with a mixture of wood ashes and fine sand, 
wash with water, rub in mercury with a mixture of sal ammoniac and wood ashes, 
let stand twelve hours during which time patches of amalgam appear all over 
the plates, rub these in with a little mercury, which concludes the operation. 

§ 530. Maintaining Plates of the Eight Consistency. — Plates should 
not be run too hard or too soft. If too hard they will fail to catch the gold. If 
too soft, the mercury flows off the lower end of the plates, wasting gold and mer- 
cury. Their condition is judged by the feeling of the plate next to the battery. 
When just right the amalgam should yield to the pressure of the finger, as does 
putty, but drops of mercury should never exude and run down. The amalgam is 
generally softer on the later plates than on the earlier. The amalgam is kept in 
the right condition by regulating the amount of mercury fed to the mortar. If 
too hard, increase the mercury fed ; if too soft, decrease it. 

Where the gold is fine, the plates should be run dryer or harder than with 
coarse gold. Fine gold also requires a larger and more frequent addition of 
mercury. The amounts used by the mills have already been given in § i 90. In 
many mills, mercury is added directly to the plates as well as inside the mortar 
in order to keep them in the right condition. 

§ 531. Dressing op Plates. — The act of brightening the surface of a plate 
to remove the stain and make it more active is called dressing the plate. The act 
of scraping off the amalgam to save it is called cleaning the plate. As shown 
in Table 336, the dressing of plates occurs at various intervals in different mills. 
Every 12 or 24 nours is perhaps the most common. 


TABLE 336. — ^dressing AND CLEANING PLATES. 


MiU 

No. 

Interval of 
Dressing. 

Material for Dressing. 

Interval of 
Cleaning. 

56 

Hours. 

12 


Dajs, 

1 

1 

14 

1 

14 

57 


58 

59 

(a) 24 

12 

24 

4 

12 

6 

24 

24 

1 5 or 6 

Mercury and cyanide. . 

61 

Mproiiry 

62 

See text 

68 


64 

Cyanide 

1 

1 

1 

18 

65(6).. 
66 

67 

Mercury and cyj^de. . 

Brush or chamois... . i 
Mercury j 




I Interval of| 
Dressing. 


Hours. 

2 


24 

24 

12 

2 

6 

8 


Material for Dressing. 


Merjpry and cyanide. . 

Cyanide 

Mercury and cyanide. . 

Mercury 

Mercury and cyanide. e\ 

Mercury 

Mercury and cyanide . 


Interval of 
Cleaning. 


Da^s. 

7 

1 

1 

1 

30 

1 

1 

7 

1 

1 


(a) All except those on the vanner distributors, which are dressed once a week. (0) This applies only to the 
No. 1 sluice plates. The No 2 sluice plates are dressed and cleaned once a vht .ii'* the plates on vanner 
distributors once a week, (c) Apron plates, (d) Vanner plates, (e) The -»lu! i -i is made by dissolv- 

ing two ounces in three gallons of water. 


Mill 67 rubs up the plates with a brush or chamois every luilf hour, while 
in some mills there are short plates on deflectors which are not dressed exeept 
at the time of the fortnightly cleaning. Plates near thc‘ lu^ad are often drc'ssed 
more frequently than those farther away. The interval depends to a great ex- 
tent upon the conditions. New plates must be dressed nior(‘ rr(‘qiu‘ntly than 
old ones. A rich ore or an ore which contains snbstanees whi('h t(‘nd to cause 
a stain or scum on the plates, will make frequent dressing nee(‘ssarv. Dressing 
should never be delayed until the surfaces become too hard, and yoi it should 
not occur any oftener than is necessary to keep the plates bright, as it causes a 
waste of time. 

Any of the chemicals previously mentioned may be used with mercury for 
brightening the plates. The idea is gaining ground, how(‘vor, that the use of 
chemicals is to be avoided as much as possible, and, as shown in Table 336, potas- 
sium cyanide is almost the only chemical used to-day. Even this is to be used 
very sparingly, not only because' of its well-known property of acting as a solvent 
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for gold, but also because an excess of it is said to be harmful to the plates. 
W. J. Loring and others hold that too much cyanide causes the amalgam to be- 
come hard and glassy. The immediate effect of adding cyanide is to cause the 
mercury to drain away from the amalgam. 

According to John Hays Hammond, 1 or 2 pounds of potassium cyanide is 
sufi&cient to last a 40-stamp mill a year, where the ore or water contains no harm- 
ful ingredients. At Mill 77, which has considerable iron pyrites and acid water, 
260 pounds per year are necessary in treating 28,793 tons of ore with 75 stamps. 

At Mill 62 the plates are dressed with a wash made by adding sodium amal- 
gam, the size of a pea, to 1 pound of mercury, which has been well cleaned with 
dilute nitric acid. This mixture is covered with a strong solution of potassium 
cyanide and allowed to stand about three days, until all signs of working have 
ceased. A weak solution of sulphate of iron (Ferrous sulphate) is finally added 
and the wash kept in a tightly corked bottle, as it will spoil if exposed to the 
air. Whatever of value this receipt may have is probably due to the fact that 
the mercury is entirely free from oxygen. 

The last plate in the line is often difficult to keep in good condition unless 
it is silver plated. This is due to the fact that the amount of amalgam which 
collects on it is very small, and often not sufficient to prevent the plate from being 
scoured down to copper, and consequently liable to stain. For this reason, it 
is an advantage to have plates made in sections, which can be moved around in 
rotation (see § 520). 

The consideration of the individual methods of dressing plates will be re- 
served to be taken up jointly with methods for removing accumulated amalgam. 

§ 532. Cleaning or the Removal of Accumulated Amalgam from Plates. 
— As shown in Table 336, this takes place at intervals varying all the way from 
1 day (24 hours) to 30 days. The former is by far the more common, and in 
a fow mills the cleaning occurs at the same time as the dressing. It is claimed 
that more amalgam is obtained by frequent cleaning, but it is a question which 
will he (l(‘(Mded by the ledger whether the increase is sufficient to pay for the 
additional time lost in cleaning. 

In a gimeral way, ihe cleaning consists of the softening up of the amalgam by 
the use of (juic'ksilver rubbed in with a cloth or brush, and the collection of the 
amalgam by a rubber scraper. A steel scraper for removing patches of hard 
amalgam is recommended in some mills and condemned in others. After the 
amalgam is removed, the plate is dressed and is then ready for use again. It is 
found in mosi mills that cleaning plates in the way just indicated does not re- 
Tnov(‘ all 11i(‘ amalgam, but that there is a tendency for a layer of hard amalgam to 
gradually build up which cannot be removed except by: (a), prolonged scraping; 
or (/>), “sw(‘ating” with boiling water or hot sand ; or, in some cases (c), by bam- 
nim-ing and buckling the plate; or (J), by acid treatment. A thin coating of amal- 
gam should always be left aftcT cleaning in order to have the plate retain its effi- 
ciency as a eatdier of gold. It is generally considered better not to allow this hard 
amalgam to collect to any gr(‘at extent as it is liable to make the plates work 
unevenly. Ti also represents so much capital tied up, and, finally, it is a temp- 
lation to llu'ft. In custom mills, its growth will cause an ^"overlapping” error 
with each snc('(‘eding run, which can hardly be tolerated. 

5^533. Dktatls of MFTiroDS for Dressing and Cleaning Plates. — For 
purposes of illustration, the details of the methods of dressing and cleaning 
as practiced in several mills, will now be given. At Mill 73 the cleaning and 
the dressing are done at the same time. The description which is here given 
is largely taken from W. J. Loring.®^ 

The first 22 feet of plates, or No. 1 sluice plates, are dressed and cleaned every 
morning, two men usually working adjoining batteries. As has previously been 
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noted, these plates are double in this mill, so that it is merely necessary to plug 
out one plate, turning the whole pulp on the other, which does double work 
during the time of cleaning and dressing. The plates are first hosed oif with 
clean water to remove all sand, sprinkled with sufficient quicksilver to wet them 
all over and scrubbed with a whisk broom to loosen as much amalgam as possi- 
ble. They are then rubbed down with a piece of 75% pure india-rubber gum 
i inch thick and 4X7 inches in size. The amalgam so collected is removed 
by an amalgam scoop. The plates are again rubbed with the whisk broom, mer- 
cury being sprinkled on at the head as required. The last section is always 
brushed upward from the extreme end, so that in case any amalgam should be 
hanging to the edge of the plate, it will be brushed up to where it can be readily 
seen and picked up. Every five or six days, a weak solution of potassium cyanide 
made by dissolving two or three lumps of cyanide in a pail of water, is used. 
The time required for two men to dress 24 plates, each 22 feet long and 2 feet 
wide, is from to 2 hours. Once a month, on the day before the batteries are 
to be cleaned up, these plates are scraped for removing the hard amalgam, as 
follows: After the soft amalgam has been removed with a rubber scraper, as 
previously described, then the surface is scraped with steel scrapers, made of old 
files bent at right angles about 2 inches from one end and ground to a sharp 

edge, as shown in Fig. 436. The edge should be per- 
fectly straight across, except at the corners where 
it is slightly rounded. The amalgam is nowhere 
p entirely removed, the purpose of the scraping being 

} merely to reduce it to a thin film. Most of the 



wo 4^6 — aruAPFu scraping is needed upon the upper part of the plates, 

PIG. 4 :db. SORAPEK. exception of a few isolated spots, the 

amalgam does not accumulate to much thickness 
below the first 8 feet. Great care is taken in using scrapers* on silvered 
plates, as it takes but little scraping to cut the silver, which not only spoils the 
plates, but makes a very low grade of bullion. The amalgam removed is trans- 
ferred to an enamel-lined cast iron kettle by an amalgam scoop. The plates are 
next sprinkled with quicksilver and scrubbed thoroughly with a whisk broom, 
care being had to put quicksilver on all parts. Then the amalgam i< colloeted 
again, using only a rubber and scoop to transfer it to the kettle. After going 
over the plate once more with a whisk broom, sprinkling a littl(‘ quicksilver at 
the head as required, the pulp is turned on and operations are resumed. For 
this monthly cleaning and scraping of the twelve pairs of No. 1 sluice plates, 
the force required is six men for four and one-half hours, and then four men 
for one and one-half hours. 


In this mill nothing is done to the 8 feet of No. 2 sluice plate except at the 
time of the fortnightly clean up of the mill. At that time, the water is turned 
off, the stamps hung up, the plates hosed oif, scraped with a st(‘(‘l scraper and the 
amalgam removed. Next quicksilver is sprinkh'd on and th(‘ ])lat(‘s scruhl)ed 
with a whisk broom, and amalgam is collected by a rubber and removed. Fin- 
ally they are dressed with quicksilver and a whisk liroom. The platc's on the 
vanner distributors are dressed and cleaned every week in th(‘ ^ame way as the 
sluice plates just described, except that the stamps are not hung up, but the 
vanner is simply stopped, and the pulp coming to it is diverted to another 
vanner, which, temporarily, does double work. 

The preceding description covers the regular treatment of all the plates in 
Mill 73. There is, however, an additional cleaning which takes place after 
a plate ^has been in use a long time, and the silver has scoured off in spots which 
makes it very troublesome to keep in good condition. In this case, the plate 
is taken out, the soft amalgam is first removed by the rubber and put by itself. 
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then thG hard anfialgam is scraped off until the copper appears^ and this is put 
by itself. Finally a layer of copper is scraped off, and the plate is sent to 
be silver plated, as described in § 529, or, if it is in very bad condition from 
dents and wear, it is cut up, melted into bars and sold for the gold and silver 
which it contains. 

At Mill 57 the hard amalgam which gradually accumulates on the plates, is 
removed periodically by first softening it by pouring boiling water over the 
plates or by immersing them in boiling water. The softened amalgam is then 
easily scraped off*. After a six months’ interval, this process of "'sweating,” as 
it is called, yielded 1,703 ounces of amalgam, from which 600 ounces of gold 
were obtained, valued at $10,524.82. This was from the plates of forty stamps. 
At Mill 59, which also has 40 stamps, this process of sweating yielded $19,000 
from the outside plates after an interval of 1^ years. 

Mr. E. R. Woakes'^ tells of a mill in which the gold was of a high fineness, 
often of 940, and, at the same time, very finely divided, and the amalgam, which 
remained after cleaning every 8 hours, was very hard even though mercury 
was used in considerable excess. To remove this, after one month, by a steel 
scraper from a lip plate 48 inches by 10 inches, took a man half a day. This 
difficulty was overcome by the use of hot sand at the time of the monthly clean- 
ing. For the lip plates, this is applied by placing them in a box with layers 
of the sand between them, which has been previously heated to near a dull red 
heat. After about half an hour, these are taken out by tongs and scraped, the 
amalgam coming off like butter. The upper 4 feet of the apron plates also 
have hot sand spread upon them. As it cools it is replaced by more hot sand, 
until a trial shows the plates to be soft. Ten minutes’ application of the scraper 
then takes off the amalgam and leaves the plates in good condition for catching 
the gold. 

§ 534. At Mill 67 the plates are rubbed up with a brush or chamois skin 
every half hour. Every 6 hours they are dressed with mercury. They are 
cleaned after each run, which usually lasts 13 days. The method is as follows : 
The stamps are hung up, the water shut off, and the sand washed off the plates 
with a hose. Mercury is sprinkled from the hand over the upper 3 feet of the 
plate, and then spread transversely by a flat paint brush 5 inches wide. The 
whole plate is gone over in this way. Then the whole plate is rubbed down with 
chamois skin from the top toward the middle, and from the bottom up toward 
the middle. All pimples are removed by a scraper made from an old saw blade. 
Amalgam is then removed by rubber and scraper to a bowl. The plate is again 
brushed transversely to spread the mercury, the water is turned on and the stamps 
started. 

Every month or two, in order to remove the accumulations of hard amalgam 
not removed by the preceding treatment, without recourse to scraping with a 
chisel, a coarse blanket, so folded as to fit the plate snugly, is placed over the 
plate. Then, by means of a pipe and hose, a stream of hot water is run over 
this blanket, keeping it thoroughly saturated until the plate is well heated 
through to the wooden backing beneath it. Next, beginning at the top, a strip 
of blanket about 6 inches wide is turned down and with a scraper, made of a 
bit of old saw Idade, the accumulated amalgam, which parts easily from the 
plate after this heating, is rapidly and thoroughly removed. During this scrap- 
ing process the hot water is still running over the blanket below, so that when 
the first six inches is finished the blanket is rolled down another six inches, and 
the process repeated until the whole surface of the plate is cleaned. This treat- 
ment is found to keep Ihe plates in good condition. It is not advisable to let 
the amalgam accumulate over three months, as the plates get too valuable to be 
left in the mill. 
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At Mill 66 the dressing and cleaning are done at the same time every morn- 
ing. Two men work together. The water supply of the battery is first shut off, 
the stamps are hung up. The splash board is removed, washed at the head of the 
apron plate with water through a hose, and placed at the lower end of the plate. 
The hose is then turned on the screen and apron plates to remove all sands that 
have collected there and which would scratch the plate. The plate, if normal, 
is clear and bright except for occasional spots, so called blisters, resulting from 
iron and copper salts. These are removed by a scraper in the form of a blunt 
double ended straight chisel. Then the two men loosen the amalgam with heavy 
whisk brushes, beginning at the top and working downward. When this is 
done, the amalgam is swept in the opposite direction and collected at the head 
of the apron plate. There it is brushed into the amalgam scoop with a rubber 
scraper (a small, sharp-edged piece of belting) and emptied into a small iron 
receiver. After this, the plates are brightened by brushing them with a whisk 
broom, using tailings moistened with a dilute solution of potassium cyanide, the 
men working from the head of the plate downward. If necessary, a little quick- 
silver is sprinkled on the plate from a bottle, over the neck of which a piece 
of canvas is securely tied. After being brightened, the plates are smoothed 
with soft paint brushes passed transversely over them, beginning at the bottom. 
This finishes the operation, which requires ten minutes per battery. 

§ 535. At Mill 82 the dressing of the lip and apron plates is done much more 
frequently than the cleaning, and consequently the processes are entirely distinct. 
The plates are dressed every two hours with a brush, a good whitewash brush 
being preferred. The stamps are hung up and the plate washed with clear 
water, which exposes the surface. The surface, if soft, needs very little, if any, 
mercury. It is generally harder at the top than at the bottom, in which case a 
little mercury is sprinkled on. Then the plate is brushed in waves, beginning 
at the bottom corner and working the amalgam toward the top and inward at 
the same time, not omitting the smallest portion of the plate. The brush is 
drawn across the full width of the plate, which forms the amalgam in miniature 
riffles. Very little mercury is needed as a rule at the lower end of the plate. A 
weak solution of potassium cyanide is used when necessary. 

The cleaning of the plates takes place every 24 hours. The surface of the 
plates is first washed. Then the amalgam is slightly softened and loosened by 
sprinkling a small quantity of mercury over the plate and rubbing the surface 
with a cloth or whisk brush, after which the amalgam is removed with a stiff 
rubber scraper 4 inches wide, made out of rubber bolting. The use of a steel 
scraper is not allowed except for the removal of blisters or any fixed impurilics 
which may occasionally be found on the plate. 

In this mill the hard amalgam is allowed to build up on the plate, it having 
been found impossible to remove it by a steel scraper without injury to the 
plate, owing to the extreme hardness of the scale, and experience has further 
shown that more gold and silver are saved by a plate covered with this hard 
amalgam than by one not so covered or one that has been scraped with a steel 
scraper. After three or four years the plates are taken out and th(‘ amalgam 
on them removed. To do this, ^^sweating^^ with hot water was tried, hut the 
only result was the salivation of the workmen while the amalgam still remained 
on the plate. Immersing the plates in chemical solution succeedc^d no better. 
The most efficient method was to buckle the plate by striking the back and front 
of it with a light hammer, a small block of wood being used to deaden and dis- 
tribute the blow. This causes the amalgam to scale off, leaving only a thin film, 
which is subsequently removed with a chisel or scraper. The following is an 
average example of the yield. An apron plate 8 f(‘et long and 54 inches wide, 
after having been in continual use for 3 years and 10 months, had an accumiila- 
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tion of amalgam on it no less than 0.16 inch thick at the head end and gradu- 
ally decreasing to barely 0.0625 (yV) inch at the lower end. When removed, 
this amounted to 160 pounds avoirdupois. Retorting reduced this to 60.5 
pounds or 38% of crude bullion and melting produced a gold bar weighing 
866.1 ounces Troy, which had a total fineness of 993.9, being 431.4 fine in gold 
and 562.5 fine in silver. Its total standard value was $8,340.54. During the 
time the plate was in use, the battery crushed 14,942 tons of ore, containing 
about i ounce of gold and 7 to 12 ounces of silver per ton of 2,000 pounds, and 
there were recovered from the plate 6,426 ounces of bullion, which was 541.5 
fine in gold and 443.9 fine in silver. Its total standard value was $75,184.20. 
The removal of the hard amalgam made the plate unfit for further service, so 
that after every visible portion of amalgam had been removed it was cut up 
and melted into a bar. This bar contained 8.96 ounces gold and 9.62 ounces 
silver and its value was more than double the cost of a new plate. 

So great an accumulation as indicated by the preceding figures, has been the 
cause of considerable discussion and even criticism. Its occurrence is due to 
the extreme hardness of the amalgam, which makes the use of a steel scraper 
unwise. Why the amalgam is so hard in this mill is not satisfactorily explained. 
In another mill, where the same trouble occurred, it was ascribed to the fact 
that the plates are run too that is, with too much quicksilver on them, 

and to the too liberal use of potassium cyanide, both of which tend to make the 
amalgam hard. The proof that these were the causes was that there was no such 
trouble when the amount of mercury and cyanide used was reduced. The hard- 
ness does not appear to be due to the presence of a large amount of silver in the 
ore, as experience at this mill tends to show that silver amalgam is not so stiff 
and hard as gold amalgam. That the hardness of the amalgam is due to the 
lower percentage of quicksilver that it contains, is shown by the fact that the 
acccumulated scale contains 38% bullion, whereas amalgam from the daily 
cleaning never contains more than 20, and frequently not more than 10%. 

The author^s theory of the cause of hard amalgam is entirely mechanical. If, 
for any cause, the amalgam is allowed to flow on plates, only the fluid or No. 
1 amalgam (see § 514), flows away, leaving behind a hard, crystalline amalgam. 
Anything which will tend to cause this flowing will tend to cause hard amalgam. 
For example: {a) Excessive jarring of the plates. (6) An excess of mercury 
put on the plates will start the flow, and the flow once started will continue until 
amalgam left is drained almost dry and becomes hard, (c) Cyanide of potas- 
sium will soften up plates temporarily and start the flowing the same as an 
excess of mercury. In Mill 82 the plates are connected directly to the battery, 
a large amount oC mercury is used on them since the amalgamating pans catch 
any that is lost from the plates, and a considerable amount of cyanide is used. 
With all three of these causes acting, it is possible that one or more of them may 
be the cause of tlie hard amalgam. 

This statement that an excess of mercury causes hard amalgam appears at 
first sight to conflict with that given in § 530 that amalgam can be softened up 
by adding more mercury. The author is satisfied that there is something in the 
conditions, not yet explained, which makes both statements true. The analogy 
of a macadamized road, which is made muddy by a little rain, but which dries 
up quickly to a hard surface afier a pouring rain, is another case where the same 
cause gives opposite results owing to changed conditions. 

§ 536. At Mill 77 the plates are dressed every 12 hours with a mop, using a 
solution of 2 ounces of potassium cyanide in 3 gallons of water. They are 
cleaned every 24 hours. Usuallv a rubber belt scraper is all that is required to 
remove the amalgam, but if it cakes on the plate making a hard and rough sur- 
face, a steel scraper is necessary. A little quicksilver is sprinkled over the upper 
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part of the plate after removing the amalgam, and finally it is mopped with the 
solution of potassium cyanide. With the above treatment the accumulation of 
amalgam occurs only slightly, if at all, in this mill. Even after 10 years of 
service, an apron plate 12 feet long and 54 inches wide, when scoured for several 
hours with tailings, hot water and quicksilver, yielded amalgam only to the value 
of $100. Smelting the remainder of the plate yielded about $150, or about 8 
ounces of fine gold. The bullion in this mill averages 740 fine in gold and 220 
in silver. 

Some of the ores treated in this custom mill have a strong tendency to form 
hard amalgam on the plates, but this has to be removed at the end of the run, 
which is easily done by a steel scraper and without injury to the plates. In fact, 
the plate is said to be in better shape for catching gold after the hard amalgam 
is removed. The scrapers used are made of steel inch thick, about 3 inches 
wide and ground square across so as to give two right angled edges. There are 
plates on the bumping tables of this mill upon which amalgam accumulates which 
cannot be entirely removed by a steel scraper and can only be fully recovered 
when the table is worn out. This is another instance of extreme jar and very 
hard amalgam associated together. 

At the Portuna mill, Bendigo, the hard amalgam is removed from the plates 
every six months by acid (the kind of acid is not given). According to Eickard, 
this* acid treatment is injurious to the plate as it robs it of its surface of gold 
amalgam. One clean up of eighteen plates yielded 646 ounces of amalgam 
giving 235 ounces and 4 pennyweights of gold. 

A neat tool used by Sperry for loosening amalgam, is made from a common 
putty knife by cutting off about one-half of its length and grinding so as to have 
a slight bevel. 

It frequently happens on plates which have not been properly cared for, or 
which have been too closely scraped, that obstinate spots will occur, which in- 
crease in size as time goes on. Such spots formed in Mill 69 by the removal of 
a layer of hard amalgam which exposed the copper in places. They are covered 
with ^^verdigris” while running and are surrounded by an irregular ridge of hard 
amalgam. They will coat over with amalgam during the dressing of the plates, 
but when the pulp is started again they are soon scoured to bare copper. The 
treatment used for them in Mill 69 is to first dress the plates with mercury, 
followed by a wash with dilute cyanide solution. Then spread tailings over the 
spot and rub vigorously with a wooden block. A little nitrate of mercury may 
be used to good advantage. The rubbing is continued until a smooth and uni- 
form surface is obtained. The fine tailings used should be saved and treated in 
the clean up barrel. By repeating this process every time the plates are dressed, 
it will be found that the spread of the spots is quickly arrested and then their size 
gradually diminishes until after a month or two they have disappeared entirely. 

For the stains which remain after scrubbing with a gunny sack and sand and 
rubbing in mercury with a chamois skin, Hardman uses the 'following procc'durt' : 
The plate is thoroughly cleaned and dried, scraped with a chisel until all oxide 
is removed and the copper is bright. Then mercury is thoroughly rubb(*d in witli 
canvas or chamois moistened with potassium cyanide. When well coated, the 
spots are painted over with very fine gold amalgam, prepared as previously d(‘- 
scribed in § 527. This treatment will permanently eradicate the spots. 

§ 537. Kelative Proportions of Gold and Silver in Daily Amalgam as 
Compared with Hard Amalgam. — Table 337 shows that in one mill the total 
fineness of hard amalgam is greater than that of daily amalgam and in the 
other it is the reverse. The proportion of gold to silver is greater in the daily 
than in the hard amalgam in both mills, but this is exactly the reverse of what 
is found in Mill 77 and in the Cross mill (see § 538). The author is inclined to 
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believe that there is no rule about this matter, but that the proportions will vary 
with the conditions. 

C. M. Fenner found that if soft gold-silver amalgam is squeezed between glass 
plates so as to separate a softer part which oozed out in drops from a harder part 
that was left, the harder part had a larger ratio of silver to gold than the softer 
part, and he argues that the rubber scraper practically does the same thing as 
the glass plates. 


table 337. — PROPORTIONS OF GOLD AND SILVER IN DAILY AMALGAM AND TTAPn 

AMALGAM. 



Daily Amalgam. 

Hard Amalgam. 

Fineness. j 

Ratio Gold 
to Silver. 

Fineness. I 

Ratio Gold 
to Silver. 

Gold. 

Silver. 

Total 

Gold. 

Silver. 

Total. 

MiU 82 

El Silencio mill 

641.6 

600 

443.9 

360 

985.4 

950 

1.22 ; 
1.714 

431.4 

450 

562.5 

800 

993.9 

760 

0.767 

1.50 


§ 538. Relative Proportions of Gold and Silver on Successive Plates. — 
The gold is caught earlier than the silver since silver has less tendency to amal- 
gamate than gold. The ratio of gold to silver in amalgam is therefore less the 
farther the amalgam is from the battery. The most complete figures to illus- 
trate this, are those shown in Table 338, obtained by Sperry with a Tremain 
steam stamp at the Cross mill, Colorado. This mill has no inside plates. The 
apron plates, shown in Fig. 430, are all 54 inches wide and 2 feet long, except 
the first one which is 8 feet long. The hard amalgam was all obtained from the 
No. 1 apron plate. This table shows that the ratio of silver to gold increases 


TABLE 338. — amount AND VALUE OF AMALGAM AT THE CROSS MILL. 


Ama-lp^rn, where Obtained. 

Weight of 
Amalgam. 
Mg. 

Weight of 
Bullion. 
Mg. 

Percent Bullion 
is of Amalgam. 

Gold. 

(l,000ths) 

Silver. 

(LOOOths) 

Hard amalgam from No. 1 apron plate . 

5,000 

1,607 

82.1 

840.9 

169.1 

Lip plates 

4,000 

1,310 

82.8 

827.7 

172.8 

No. 1 apron plate 

(a) 1,860 

413 

22.2 

781.2 

218 8 

No. 2 apron plate 

4,000 

525 

13.1 

575.2 

424.8 

No. 3 apron plate 

2,000 

307 

15.8 

566.6 

483 4 

No. 4 apron plate 

2,000 

260 

13 0 

555 8 

444.2 

No. 6 apron plate 

8,000 

426 

14.0 

547.6 

452 5 


(a) Low since the hard amalgam has been removed. 


from 189: 1,000 in the hard amalgam from the first apron plate, to 826: 1,000 
on the No. 5 apron plate. Observations in Mills 77 and 82 corroborate the 
facts indicated by the table. 

Under certain conditions this law of increase in the ratio of silver to gold is 
more or 1(*sr modified, as will be seen from Table 339. In case (a), the last 
three plates were originally plated with one ounce of silver per square foot and 
they had been in use about a year. In case (5), the plates had been in use only 
about six months. A comparison of {(i) and (b) shows that the proportion of 
silv(‘r in the amalgam is higher in the latter case and indicates that the silver 
used in plating is gradually s('rapcd otf with the amalgam. Note that the last 
plat(‘ in (a) yiidds amalgam of about the same fineness in gold and silver as all 
the fdates of (5). It is only after the silver plating has been largely removed 
that the ratio of gold to silver decreases as the distance from the mortar increases. 
The fact that the silver of the plates goes into the amalgam is further shown for 
another mill in (c). This is presumably a custom mill treating different kinds 
of ore. The runs bracket ('d, however, were made at the same time in adjoining 
batteries on similar types of ore and in a few instances, as noted, on the same 
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identical ore. In almost every instance the fineness in silver is higher in the 
amalgam from the silver plated plates than from the copper; also the amalgam 
from a new silver plated plate has a higher silver fineness than that from an old 
one. The reason for this is that there is more silver on the newly plated plate, 
and hence more goes into the amalgam. 

§ 539. Distribution or Amalgam. — The greatest amount of amalgam is 
generally obtained at the battery and the amoimt decreases as the distance from 
the battery increases ; also since coarse gold is caught sooner than fine, it follows 
that more amfllgaTn is obtained at the battery and less at the foot of the plates 
where the gold is coarse than where it is fine. To illustrate these statements. 


TAHT.B 339. — ^EATIO OF GOLD TO SILVER IN PLATE AMALGAM. 



1 Fineness in 



Amalgam from 

Gold. 

Silver. 

Ratio of 
(jk>ld to Silver. 

Remarks. 


(a) Homestake Mill, Black Hills, South Dakota. Tes^s made in 1897. 


Inside plate 

Copper plate, first row. . . . 
Silvered plate, second row 
Silvered plate, third row . 
Silvered plate, fourth row 


(b) Homestake MilL Tests made in 1890. 


Silvered plate, second row 
Silvered plate, third row. . 
Silvered plate, fourth row 


(c) Reynolds Mill, White County, Georgia. 


564 

569 

558 


422 


l.;W to 1 
1.35 tol 
1.29 to 1 


818 

168 

4.87 to 1 

812 

176 

4 65 to 1 

654 

331 

1.97 tol 

618 

376 

1.64 to 1 

513 

465 

1.10 to 1 


Silver plated plate. 
Silver plated plate. 

Copper plate 

Silver plated plate. 

Copper plate 

Silver plated plate. 

Copper plate 

Silver plated plate. 

Copper plate 

Silver plated plate. 

Copper plate 

Silver plated plate. 

Copper plate 

Silver plated plate. 

Copper plate 

Silver plated plate. 
Silver plated plate. 


Copperplate 

Silver plated plate 

Copper plate 

Old silver plated plate. . 
New silver plated plate 
Old silver plated plate. . 
New silver plated plate. 

Mortar 

Old silver plated plate.. 

Mortar 

New silver plated plate. 


819 

141 

5.81 to 1 

769 

181 

4.25 tol 

884 

99 

8.98 to 1 

775 

108 

7.18 to 1 

855 

*117 

7.81 to 1 

720 

143 

5.04 to 1 

822 

67 

12.27 tol 

639 

151 

4.23 to 1 

619 

82 

7.55 to 1 

798 

107 

7.46 tol 

732 

72 

10.17 tD 1 

801 

180 

4.45 to 1 

770 

♦207 

3.72 to 1 

821 

162 

5.07 to 1 

867 

12r 

6.82 to 1 

808 

188 

4.30 to 1 

852 

144 

5.92 to 1 

t754 

91 

8.29 to 1 

859 

117 

7 34 to 1 

892 

‘.(0 

9 91 to 1 

901 

81 

11 12 to 1 

876 

108 

8.11 to 1 

905 

87 

10.40 to 1 

893 

101 

8 84 to 1 

900 

91 

9.89 to 1 

7\n 

160 

4 96 to 1 

933 5 

60 

15 ,56 to 1 

805 

185 

4.35 to t 


j-Dec., 1898. 

j-Jan., 1899. 

[Feb., 1899 

(Feb., 1899. 
j (Same ore) 

I March, 1899 
) (Same ore.) 
i March, 1899 
f (Same ore.) 

I April, 1899. 

) (Same ore.) 

j- April, 1899. 

[ April, 1899. 

j- Same ore 

j- Same ore. 

Same ore in 
adjoining 
batteries 


♦The copner plate in strips, which were taken up at these runs and the under surface ch'aned 
T Result modified by the addition of a little impure bullion from a previous clean up 


Table 340 has been prepared, which shows tlic rcsiilis of two ttvsts made at the 
Massachusetts Institute of Technology, using no inHid(‘ plates and five outside 


TABLE 340. DTSTRlBUTIOlSr OF AMALGAM. 


Test No. 

I. 

II 

Test No 

I 

11 

Rattftry amalgam 

$4 ,573 

2 604 j 

0 215 1 

1 0 180 

19.1,324 

Fourth plate 

Fifth Dlate 

Mercury trap 

$0 090 

0 0.50 

0 038 

$0 0188 
0 0048 
0.0134 

First plate.. .7. 

Second plate 

0.1389 

Third plate 

0 0083 


plates, each 5-| feet long. Lot No. I. was quartz with fine gold from Now 
Hampshire. Lot No. II. was quartz and slate with coarse gold and a small 
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§ 540 

amount of sulphurets from Nova Scotia. Another example is shown in Table 
338. 

As reported by the mills the amounts are as follows : 

Mill 57, 67% in battery, 23% from lip and apron plates, 8% from first sluice 
plate and 2% from the second. 

Mill 59,1 from battery, -J- from plates. 

Mill 61, ^ from battery, | from plates. 

Mill 62,-J-|-from battery, from plates. 

Mill 6 7, 3 ^- 0 - from battery, i^from plates. 

Mill 76, when gold is fine, from battery and from plates; when coarse, f 
from battery and from plates ; of that caught outside, 49 to 75% comes from the 
upper 18 inches of plates. 

Mill 77, J each from back inside, front inside and outside plates; none from 
mortar sands. 

Oldham mill, 68.05% from mortar sands, 23.40% from inside plates and 
8.55% from outside plates. 

§ 540. Absorption of Amalgam by Copper Plates. — ^It is claimed that cop- 
per plates absorb gold amalgam by a gradual soaking process. The scraping o-P 
the under side and obtaining gold amalgam therefrom, has been brought forward 
as demonstrating the fact that the gold amalgam has passed through the plate 
(Keith and Hardman). Further evidence is from Mills 73, 77 and 82, all of 
which report plates scraped down to bare copper, melted down and sold for the 
gold they contain (see § 533, § 535 and § 536). The porous nature of metals 
in the solid state may allow in some cases a very gradual penetration of the 
particles of one into the other. There is nothing in any of the discussions to 
show that the creep of amalgam around the edge and completely covering the 
rear side of the plate has been taken into account. To prove that the gold had 
penetrated the plate, the rear side should have been scraped as well as the front 
side befor(‘ they were cut up and melted. 

Mr. W. L. Libhey of North Brookfield, Nova Scotia, holds that the amalgam 
from his coarse Nova Scotia gold penetrates the plate but little. The author 
sought to ascertain the facts by testing a piece of his plate. The plate chosen 
had been used three years continuously in various positions as a sluice plate 
and for about three years preceding as an inside battery plate. It was a plain 
copper plate and is supposed at the start to have been either 0.187 ( ) i^^h 

or 0.156 ( A) inch thick. As a battery plate it had pass over it about 3,000 tons, 
yielding about $16 per ton, and as a sluice plate it had carried about 7,500 tons 
of ore, yielding about $10 per ton bullion value. While used as an inside plate, 
it was cl(‘aned with a metal scraper once or twice a month, the amalgam not being 
sufliciently removed to show much raw copper. While used as a sluice plate, it 
was cl(*arK‘d up with the aid of a metal scraper and brightened once a month. 
It had l)e(‘n scrap(‘d many times until patches of bare copper appeared. The 
size of th(‘ piece taken was about 3 inches long, | inch wide, with an average 
thic'kness of 0.0888 irndi. Successive layers were removed from the plate by a 
st(‘(‘i scraper, fiv(‘ from tlic top and four from the bottom surface, each scraping 
b(Mng kept by itself, weighed and assayed for its gold and silver contents. The 
part of the plate remaining was dissolved in nitric acid and also analyzed for its 
gold and silver contents. The average thickness removed by each scraping was 
d(‘terTnined by measuring with a micrometer gauge before and after. The top 
and bottom surfaces were practically all bright copper after two scrapings each. 
The results of the work are given in Table 341. KSilver was also determined, 
but as the three corrections needed, namely, the silver in the copper, that in the 
assay lead, and Ihe per cent, of copper in the scrapings were not all known, the 
results are not given. 
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TABLE 341. — ABSORPTION OF AMALGAM BY COPPER PLATES. 




Average 

Thickness 

Removed. 

Inches. 

Weight 

Removed. 

Grams. 

Gold in Scrapings. 

Percent 

‘ 


Thickness 
of Plate. 
Inches. 

Weight. 

Grams. 

Percent. 

Gold IS of 
Total Gold. 


■D P 

0.0883 

0.0867 







'After first scraping.. 
“ second “ 

0.0031 

0.4382 

0.05188 

11.86 

55.3 


0.0833 

0.0024 

0.6145 

0.00916 

1.780 

9.9 

On top H 

“ third “ 

0.0817 

0.0016 

0.5633 

0.00462 

0.822 

5.0 

1 “ fourth “ 

0.0803 

0.0015 

0.6855 

0.00053 

0.0773 

0.6 


L “ fifth “ .. 

0.0772 

0.0030 

0.7225 

0.00010 

0.0188 

0.1 


f “ first “ .. 

0.0757 

0.0015 

0.6801 

0.01810 

2.66 

19.5 

On bottom. . . - 

1 “ second “ 

0.0727 

0.0u30 

0.7148 

0.00845 

1.18 

9.1 

1 “ third “ 

0.0712 

0.0015 

C.6677 

0.00046 

! 0.0689 

0.5 


[ “ fourth “ 

Residue 

0.0700 

0.0012 

0.4938 

21.4824 

0.00006 

O.OOCOO 

0 0121 
0.0000 

0.1 

0 


Absolutely no gold was found after about 0.01 inch had been removed from 
each surface, and over 90% of the gold obtained was recovered by removing a 
layer of only about 0.005 inch from each surface. This 0.005 inch also repre- 
sents the thickness removed when the red color of copper had appeared prac- 
tically all over both sides of the plate. The gold accumulated on the under side, 
presumably by creeping, to an extent almost half that of the upper side. It is 
a fact which may or may not be of significance, that the total yield of this plate 
was 0.042 grams of gold per square inch and the plates in Mills 77 and 82 when 
smelted, as previously described in § 535 and § 536, yielded 0.054 and 0.032 
grams of gold per square inch respectively. 

The results obtained in this investigation seem to prove that, for the condi- 
tions existing in this mill, there is but little absorption of gold amalgam by the 
copper. It may be that other mills do not agree with this and that the rate 
of absorption varies with varying conditions, among which are the coarseness of 
the gold, the treatment of the plates and the time that they have been in use. 

Experiments on the rate of absorption were tried in the Standard Consolidated 
mill at Bodie, California, where the gold is very finely divided. Three strips of 
silver plated copper 1X3 inches in size were left on the aprons for varying periods, 
and were subjected to the same routine as the apron plates themselves. Tliey 
were finally cleaned as closely as possible, all surface amalgam being removed, 
and their values determined. It was found that the av(‘rag(* rat(' of absorption 
of gold per square inch of surface per day was: 3. 68 milligrams during th(‘ first 
two days; 1.15 milligrams during the first seven days; 0.70 milligrams daring 
the first fourteen days. This indicates that the rate of absorption deereas(‘s 
rapidly. 

The ratio of gold to silver absorbed does not appear to follow any law. Tii 
the experiments at the Standard Consolidated mill, the metals W(‘r(‘ absorbed in 
the ratio of 10 to 14 parts silver to 100 parts gold, while tin* amalgam from 
regular cleaning had 75 silver to 100 gold. In Mill 82 tlK‘ absorlx'd mi'lals w(‘re 
in the ratio of 93 parts gold to 100 parts silver, while that fif)m daily ch'aning 
had 82 parts silver to 100 parts gold. This variation niav be du(‘ to m^gleel to 
take into account the silver put on as el(*etroplating or tli(‘ silver uliieii Ijake 
Superior copper usually contains (.02 to .12 per cent.). 

§541. The Effect of Temperature on Am alchmation. — The amalgam on 
plates appears to be affected hy tianperatiire along ilie following liii(‘s: (1) 
Attraction of mercury for gold. (2) The eoh(‘siv(‘ power of ni(u*eiiry ns ^hown 
by coalescence of its globules. (3) The consisl(‘ney of th(‘ amalgam on the plate 
(hard or soft). (4) Percentage of gold in amalgam aftiT sfpnM'zing. (5) l^he 
solution of salts of metals in the mill water, causing tlie possihh' deposition of 
metals into the amalgam and the effect of the same upon tlie amalgam. 

Within the comparatively small range which occurs in mills, probably seldom 
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above 100 °F. and never below 32 °F., the variation in the attraction of mercury 
for gold is so slight as to be of little consequence. 

Regarding the cohesive power of mercury, W. F. Drake states that at a low 
temperature this is lost to a considerable extent. This may be shown by placing 
two portions of broken up mercury in a cold and warm dish respectively; that in 
the warm dish will be found to unite very much more easily than that in the cold. 

The higher the temperature the more fluid will amalgam be and the more liable 
to run of the plates. At the mill of the Twelve Apostles Gold Mining Co. in 
Transylvania, Von Dessauer notes that it is not the actual temperature whether 
high or low, that is injurious to amalgamation, but rather the sudden changes 
in temperature. By cutting down the amount of mercury fed to the battery 
and gauging the amount entirely by the "TeeF" of the plates, it is possible to have 
the amalgam of the same consistency in the summer as in the winter, and prevent 
entirely any serious flowing of amalgam. In spring and autumn, however, when 
the mill water was much warmer in the day time than in the night, the amalgam 
would flow down during the day into the traps and even beyond, and it was im- 
possible to so regulate the mercury as to keep up with the change. He further 
notes that the per cent, extraction of gold from the ore in winter is scarcely dif- 
ferent from that in summer. Sharpless reports that at the Virginia mill near 
Merced, California, the amalgam on silver plated copper plates began to harden 
up as the water became warm and the amalgam became very hard, forming a 
crystalline or granular alloy that could be removed only by scraper. As the 
water became warmer the difficulty increased, so that starting with plates sat- 
urated with mercury, after an hour the upper four feet would be as hard and 
dry as if no mercury had been used and mercury would be running off the lower 
end into the traps. Finally, with the water at 83° F. he hung up the stamps, 
scraped the plates, put on a layer of wood ashes, covered with cool, damp sand. 
After two days the plates were in normal condition. Sharpless^s experience is 
in direct conflict with that of Von Dessauer and may possibly have been due to 
the use of too much mercury, which is recognized by some mill men as a cause of 
hard amalgam. As long as the weather was cool the amalgam remained pasty, 
but the advent of warm weatlicr caused fluid mercury to separate out aud run off 
leaving hard amalgam behind. He was troubled about the same time with a 
lime CTUst (CaC.O.j) upon his plates. On the other hand, W. F. Drake found 
(name of mill not given) that by heating the battery water to 80° or 90°F. 
the maximum saving of gold was obtained, as shown by assays of tailings and 
slimes. 

The effect of increased temperature is to raise the percentage of gold in solid 
amalgam after squeezing. Von Dessauer found in the ease previously cited that 
with a winter temperature of 34° to 30° F., the amalgam left after squeezing out 
the liijuid contained only 7 to 10% gold, while with a summer temperature of 
80° to 00°F. it coniained 25 to 35% gold. There is required, therefore, three 
or four limes as much mercury in winter as in summer. 

Ih'garding the solution of salts, deposition in the amalgam and effect of the 
same' upon its consistency, J. A. KSanhorn advances the theory that since the 
h(‘ating of water increases the solubility of certain metallic salts it may cause 
harmful r(‘sults upon imperfectly coated copper plates. Iron from the stamp 
sho(^s may deposit in the amalgam a metal that is electronegative to iron. For 
example, a salt of cofiper, lead or perhaps arsenic would deposit some of its 
m(‘tal in the amalgam in the presence of iron, and this may be the cause of some 
of the conflicting reports that have come from some of the authorities. In the 
laboratory of the Massachusetts Institute of Technology, working Hova Scotia 
orc‘s containing arseno-pyrite, upon plates smeared with a thick layer of silver 
amalgam, the amalgam retorted and melted has, in a number of instances, yielded 
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a very brittle alloy which gave reactions for arsenic. This is not conclusive, 
however, since the arsenic may have come from particles of arsenopyrite left in 
the cleaned amalgam. Since chemical action and solution generally increase 
with the temperature, it may happen that some of the scums which form on 
plates may cause greater trouble at a higher than a lower temperature. 

The practice of the mills in this matter is here given : Mill 55 heats the water 
fed to the battery in winter by an exhaust steam coil in the water tank. This 
is done simply to prevent freezing. Mills 57 and 61 heat the water on its way 
to stamps by coils in stoves. The latter mill brings it up from 42° to 55 °F. 
thereby. Mill 87 uses mine water at 50°. Mill 66 formerly did, but does not 
now, heat the water, as a higher yield is obtained with water at 50° than at 60° 
or 70 °F. Occasionally a black scum was noticed with warmer water 
after the plate had been rubbed by the hand. Mill 77 does not heat the 
water, as it was found that they could amalgamate better in winter with very 
cold water than with warm. The amalgam is stifiEer without being too rich in 
gold. Mills 27, 56, 62, 64, 67, 82 and 84 do not heat the water in winter. At 
the Brittania United mill, Ballarat, Eickard reports that the battery water is 
heated from 75 °r. until it gives off steam, with the idea of aiding amalgamation. 

Mercury Wells and Riffles Containing Mercury. 

§ 542. Definitions. — These differ from amalgamated plates in that, instead 
of a surface covered with amalgam, there is a pool of mercury with which the 
pulp comes in contact by passing over it or through it, as the case may be. 

It is proper at this time to define three terms, as they will be used by the 
author, to avoid confusion from the use of them. A mercury well is a transverse 
trough or box with an adjustable gate or baffle plate, which may or may not dip 
in a pool of mercury with which the apparatus has been charged. A riffle con- 
taining mercury is sufficiently defined by its name (see § 510). A mercury trap 
is any form of apparatus, whether box or riffle, which serves to catch the mercury 
and amalgam that runs off the plates, but does not have mercury put into it at 
the start. 

§ 543. Mercury Wells can best be described by reference to Fig. 437, which 
shows a section of two wells in the mill of the South Clunes United Company, 
at Clunes, Victoria. 

In Fig. 438, the gate is represented as dipping into the mercury with no pulp 
passing. As soon, however, as pulp begins to flow, it depresses the mercury 
on the receiving side and causes it to rise on the delivering side (see Fig. 439). 
Care should always be had not to dip the gate too deeply into the mercury, as a 
column of mercury 1 inch high on the delivering side, will sustain a column of 
water 13.6 inches high on the receiving side. It is easy to calculate the maximum 
depth that it can be immersed for any given well, and is expressed by the formula 

j _ am 

■~i2.6 {m+n) 

where d is the depth immersed, a is the difference in level between the feed and 
overflow, m is the width of the delivering column and n is the width of the re- 
ceiving column, all being in inches. Theoretically, it would seem to be best to 
run with the baffle board at its maximum depth in order to get as good a con- 
tact with mercury as possible. Practically, it is not possible to go to the limit 
on account of the danger of throwing mercury into the overflow. 

The well may be made of wood or of iron. The latter is better as it tends 
to keep the mercury bright and is safer against leaks. Louis states that he has 
used wells made of stout *=hnet <'onncr, which enabled the mercury to moisten the 
walls and prevent the accumulation of sand in the corners. 
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Mercury wells are practically obsolete in this country. 

which the 



The only instance 
author is able to 
cite of their use is in the Cross 
mill^ Gunnison County, Colo- 
rado, as shown in Fig. 430. 
They are, however, still used 
to a considerable extent in 
Australia almost invariably in 
connection with amalgamated 




riG. 438. 


FIG. 439. 


FIG. 437. — SnOTJON OF MORTAR AND MERCURY 
WELI.S AT CLONES. 
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plates. Even there the ten- 
dency is to do away with them. 
The position which they oc- 
cupy with respect to the plates 
and other amalgam catchers, 
is shown for three mills by the 
following outlines. The di- 
mensions of the wells and the 
amounts of mercury ^ which 
they contain are also given in 
a few instances. 

So. Clunes United Co. mill, 
Victoria (see Fig. 437). {O') 

Mortar. (&) Mercury well 3 
inches wide, 4 inches deep, 10 
inches drop, containing 50 
poun(^s of mercury, (c) Sec- 
ond well, like the first except 
it has but 8 inches drop, (d) 
Blankets. The two mercury 
wells yield 21.87% of the total 
amalpiam obtained. 

Old Star of the East mill, 
Ballarat, Australia, (a) Mor- 
tar. (b) Two mercury wells. 
(c) Plates, (d) Two mercury 
wells, (e) One riffle contain- 
ing mercury. (f) Blankets. 
(cjr) Shaking tables- 
Oriental mill, Ovens Dis- 
fr’ct, Victoria. (n) Mortar. 
^r) Mercury well, 6 inches deep, (d) Three plates. 
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each 4 feet long, the first two of which are followed by mercury wells, 4 inches 
deep, (e) Each of the four plates (6) and {d) is divided into halves by a 
riffle 3 inches wide and § inch deep, containing mercury. Only 2% of the 
total amalgam is caught by the wells and riffles. (/) Pans. 

Where the ore contains sulphurets they accumulate on the surface of the mer- 
cury preventing contact of gold and have to be 
removed periodically. In! the Saxon mill, 
which has an ore with a large amount of sul- 
phurets, this is done by a cloth every four hours. 
According to Rickard, this is not often enough 
and ewery half hour would be better. The amal- 
gam from clean free gold, which forms at the 
surface of the mercury, ordinarily sinks to the 
bottom and may be removed by the hand. 
Rusty gold or gold attached to pyrite often 
clings to the mercury at the surface and may 
be removed by a scraper and scoop. Generally 
PIG. 440. — HUNGARiAisr MEROTTEY about once a week, the contents of the well are 
WELLS. drawn off through a plug in the bottom, which 

is usually made with a slight slope either toward 
one end or toward the middle to facilitate the draining. Sometimes there is no 
plug and they are cleaned out by a scoop. The amalgam is separated from the 
mercury by straining through chamois or cloth and the mercury put back together 
with what additional mercury is required to make up for that contained in the 
amalgam. 

A form of mercury well used in Hungary, in which the baffle plate is widened 
into a block, is shown in section in Fig. 440. This is done with the idea of 
obtaining longer contact of the pulp with the mercury. 

§ 544. Riffles Containing Mercury. — ^These are simpler in form than mer- 
cury wells. They are not used to any great extent in this country, except in 
gravel mills and in hydraulic mining wh^ere the gold is coarse. Those of Mill 
56, used in connection with plates, have already been described in § 511. 

At the Mayflower drift mill amal- 
gamated plates were discarded and nrrrrr^^r=^ 

were replaced by a wooden table with 

horizontal cross grooves 1^^ inches wide, 

1 inch deep and about 20 inches apart, grass valley riffles. 

These grooves or Times contain mer- 
cury. They are followed by a Eureka rubber and other riffles which contain no 
mercury. 

At the Magalia drift mill, the pulp first passes over an amalgamated plale 30 
inches long. It then passes over five transverse rini(‘s filled with mercury, whi(*h 
are two inches wide, -J* inch deep, 53 inches long and 10 inclu's apart. The rifflo 
block between them is covered with sheet iron inch thick, to prevent wear. 
Next come Hungarian riffles and a long sluice with riffh's. Owing to tlie coars('- 
ness of the stamping (through a -inch hole) tlu' plate does not work very suc- 
cessfully, it being difficult to keep it from scouring. 

In Australia the use of riffles containing mercury is very common in connec- 
tion with plates and mercury wells. Their precise location in thn‘e mills has 
already been shown in § 543. Their form in every ease is a d('pross(‘d f-(‘c- 
tangular trough. Their care and cleaning is similar to that of mercury wells 
except that the amalgam is usually scooped out instead of being drained off. 

It is possible to put mercury into almost any kind of riffles such as thosi^ ])re- 
viously described in § 511. In hydraulic mines the fine gravel sometim(\s flows 
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over an inclined table in ■which are a large number of small circular holes filled 
with mercury. 

At Grass Valley, riflSes containing mercury of the form shown in Fig. 441, 
were formerly used. These riffles were six inches apart and f to f inch deep at 
the lower end. The mercury covers a width of 2 or 3 inches in each riffle. 

§ 545. Advantaq-bs and Disadvantages of Mercury Wells and Eifflbs 
Containing Mercury. — These pieces of apparatus require less attention than 
plates, their first cost is less than one-half as great as plates and harmful minerals 
in many instances do less injury, owing to the absence of copper. For coarse 
free gold, containing a very small amount of sulphurets, such as occurred at 
Clunes in Australia, they are fully equal, if not superior, to plates. Thus with an 
ore containing only 3^% of sulphurets, the old Star of the East mill, pre'viously 
given in § 543, is said to catch more gold than the new mill, which omits the two 
wells preceding the plates. 

Their application is limited to a few ores, for when the sulphurets are present 
in any considerable amount, they quickly form a scum over the surface. At the 
Oriental mill, previously given in § 543, they yield only 2% of the total amalgam. 
If they are placed next to the mortar there is no way of telling whether the 
right amount of mercury is being fed to the battery. In this position they are 
more liable to be subject to theft, as amalgam can easily be removed without 
any evidence of its removal being left; the contrary is true with plates. For 
this reason, wells are covered over in some mills by a grating which is kept 
locked. 

Wells and riffles require more water to keep them clear than do plates. The 
use of a largcT amount of mercury is required than on plates and the high catch- 
ing power of the rich amalgam which forms on plates is not available. There is 
more danger that contact of gold with mercury will not be brought about so effec- 
tiuilly in the case of wells and riffles, as coatings of air or water on the pulp cause 
more trouble than on plates. 

Sonic authorities claim that in practice the column of mercury is very soon 
thrown out and the amount of contact is not much over the width of the baffle 
board and not equal to a plate 6 inches long. It appears then that the total 
surface of exposure of gold to mercury is much less with wells than with plates. 

Mercury Traps. 

§ 546. General. —These arc pockets designed to catch amalgam and fioured 
mercury that has drained off* the plates. Incidentally, the traps always catch 
mhih' h<‘avy sulphurets. Although traps do not have mercury put in them, yel 
lh(‘ TTUM’f'urv soon aecurnulaU's, making them partake somewhat of the nature of 
niereury w(‘lls. 

T1i(‘ position which imps oeeupy witli reference to the plates, may be seen 
by rel'enmct* to 'I'jibk* 330 or Chapter XX. containing the outlines of mills. 
TIuto are four positions in which they are found in various mills: (1) at the 
end of the amalgarnat(‘(l plates, (2) at the end of eaeh section of plates, (3) on 
the vanner distrihutors, (1) in the final tail launder of the mill. Their im- 
portance is often nn(ler(‘stimatod. The original cost of them is not large and the 
evpense of rniniing is practically nothing, so that whatever they save, even though 
it he small, is practically net gain. Mill 67 by putting in th(‘ Xo. 3 trap in the 
tail launder of the mill, which cost about to make, was able to recover $13 of 
gold every six months which would otherwise have been lost. There will always 
be some loss of floured mercury, however, and eonsequentlv of gold. 

The bc'^t form of mercury trap is the one which will catch the maximum 
amount of mercury and the minimum amount of sand and sulphurets. The pack- 
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ing of sand and sulphnrets in the bottom of a trap, however, is not as harmful as 
would seem at first sight, for mercury has the power of settling down and replac- 
ing the sand and sulphurets which are lighter than it, and in a like manner heavy 
sulphurets can replace lighter sulphurets and sand. 

The mercury traps used in the mills may be divided into three classes : 

^1) Plain transverse riffles. 

(2) Transverse traps with a gate like a mercury well. 

(3) Box traps of various types. 


TABLE 342. — PLAIN TRANSVERSE TROUGHS OR RIFFLES. 




(a) This trap narrows the stream from 54 inches to 46 inches in four batteries and to inches in the other 
four batteries. (6) In these mills there are several riffles in seri^; in the other mills there is only one. 


§ 547. Plain Transverse Troughs or Eiffles. — The dimensions of them as 
found in the mills are given in Table 342. In every case they are rectangular in 
section. In Mills 57, 59, 62, 63, 64, 71 and 72 the transverse troughs are also 
utilized as distributors and have several holes in the front side through which 
the pulp passes out and at a lower level than it entered. Mill 71 covcTwS these 
holes with a 12-mesh screen at the time of clean up, to keep coarse stuff off the 
plates. At the Golden Star mill. South Dakota, shallow troughs or riffles were 
preferred to deep box traps, as the pulp flows more smoothly over them and there 

is less agitation, so there is more oppor- 
tunity for settling and better work is 
done. 

Eiffles have already l)een discussed 
in § 510, § 511 and‘S 514. A form 
FIG. 442. — RIFFLES. riffle recommendc'd by Adams io be 

put in tlu' launder leading from the 
plates is shown in Fig. 442. The riffles are J inch deep and 6 f(‘<4 apart. 

These troughs and riffles should not be made too deep or too wide*, as the sand 
then packs down in the bottom ^of them and reduces the acting size. Tliis may 
be par% remedied by keeping them stirred up either by having the pulp make 
a drop into them or by making them of a form like Fig. 442 instead of rectangu- 
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lar. The riffle block should not be so narrow that the current does not have a 
chance to become quiet. When well constructed, riffles are claimed to be as 
effective as any other form of mercury trap. 

§ 548. Transverse Traps with Gates. — ^The dimensions of these are given 
in Table 343 and those of Mill 64 are also shown in Figs. 425a and 425&. They 
are rectangular in section and are much like the plain transverse troughs except 
that they are generally both wider and deeper and the gate makes it necessary 
that the overflow be lower than the inlet, although not as low as in the case of 
mercury wells. In Mill 72 in the N'o. 3, 4 and 5 traps, the box is 23X6 inches, 
while the rising current is 23X1-| inches in horizontal section. In Mill 64 the 
traps are 36X4 inches and 15X4 inches respectively, and the rising currents are 
36X2 inches and 15X2 inches respectively, while the descending currents are 
36X1 inches and 15X1 inches respectively. In Mills 65 and 73 these traps also 
act as distributors, having a row of holes through which the pulp overflows. In 
the latter mill, the gate instead of being vertical is inclined upward and away 
from the feed at an angle of about 45°. 

These forms of traps, like the riffles, have a tendency for the corners and even 
the whole bottom to pack with sand, especially if 
they are made too large or the gate is too high. 

Mills 70 and 85 have traps which come in this 
class. They are 5 inches wide, 4 inches long and 2 
feet deep at inlet, 16J inches at outlet and have a 
deep gate and are much like a Eittinger spitzlutte 
for slinios (see § 319), except that they have no 
spigot below. 

§ 5*49. Box Traps. — There are several designs of 
those, varying from a plain settling box to a hy- 
draulic classifier. Mill 71 has a trap which is sim- 
ply a box 8 inches square and 12 inches deep. In 
Mill 67 the No. 3 trap is a plain box, 20 inches long, 

If) inches wide and 20 inches deep. In Mill 88 a 
spout 4 inches square leads from the plates to No. 1 
nierc'ury trap, which is a plain east iron box 8 inches 
long, 7'J inches wide and 2} inches deep. Two bat- 

i(‘ries hjiv(* also a No. 2 trap following No. 1, which 443 . CROSS SECTION 

is in th(‘ form of a transverse box 30 inches long, 9 OF A black: hills 

inclu's wi(l(' and 6 inches deep. The inlet is over the TRAP, 

middle of oiu* long side; the outlets arc 3 inches 

from (mUut ('ud on Ihe opposite side and are 4 inches wide and 2-| inches deep. 

The TMack Tlills trap, shown in Fig. 443, consists of two adjustable gates and 
one dam, all of wrought iron and sliding in grooves, in a rectangular wooden 
box. ''riu^ pulp ent(‘rs ilie box at the feed end, passes down under the first gate, 
up ov('r lh(‘ dam, down under the second gate and finally up over the overflo'W, 
which is considerably below the level of the feed. The dimensions of them are 
shown in Table 314. In Mill 66 the No. 2 trap has four gates and three dams. 




4 

12 
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The trap is 48 inches long, 14 inches wide and 48 inches deep. The gates are all 3 
inches above the bottom. The dams are 1^, 3 and 4 inches respectively below 
the top and the overflow is 6 inches below the top. In cleaning Black Hills 
traps, the gates and dams are all taken out. 

The Grass Valley trap is shown in Fig. 444. It consists of an iron hopper- 
shaped box with the upper part of its sides vertical. It has an inlet pipe extend- 
ing nearly to the bottom, an overflow pipe near 
the top, and a plug in the bottom for draining 
off the sand and amalgam at the time of clean up. 
The figure also shows a block of wood fastened 
to the outgoing side of the trap. Five mills, 57, 
58, 67, 77 and 86 used this form of trap. The 
dimensions obtained are shown in Table 345. 

At the Cross mill, Sperry found with an ore 
containing a large amount of heavy oxides (some- 
times 60 or 70%) that ordinary forms of traps 
could not be used. A form of hydraulic classifier 
shown in Fig. 445 was adopted. The pulp comes 
in over the copper plate, and is forced to pass 
downward by the baffle plate G when it is sub- 
FiG. 444. — SECTION OF GRASS j^cted to the action of a rising current of water 
VALLEY TRAP. hydraulic A. The mercury, amal- 

gam and heaviest sulphurets settle down through 
D, from whence they are removed periodically by the pipe TS, Outside the mill 
the pulp passed through a continuous working clean up pan, which served as a 
mercury trap. 



TABLE 345. — GRASS VALLEY MERCURY TRAPS. 


Mill 

No. 

Trap No. 

Size at 
Top. 

Size at 
Bottom. 

Total 

Depth. 

Depth of 
Vertical 
Sides. 

Diameter 
of Inlet 
Pipe. 

Dip of 
Inlet 
Pipe. 

Number 

of 

Overflow 

Pipes. 

Diameter 

of 

Overflow 

Pipes. 

Depth to 
Center of 
Overflow 
Pipe. 

Diameter 
of Plug 

57 

2&8 

Inches. 

14x14 

Inches. 

554x5% 

Inches 

Inches. 

3J4 

Inches. 

2 

fa) 

8orl 

Inches. 

2 or 234 

Inches. 

Inches. 

% 

5S 

3 

14x14 


22 

6 

3 

(&) 

2 

2 

3 

67 c 

1 

14x14 

6x6 

12 


2 

U 

1 

2 

4 

H 


(a) To 2 inches above bottom. (6) Just below surface. In this trap tiie sand packs in Uie bottom and forms 
a true conical hopper 9 inches in diameter (c) This trap I i, . j. .-i » < baffle plate in it parallel to and 4 inches 
from the discharge side and reaching to within 8 inches oi : -i ■ o ■ i .,-:i (d) Half way to bottom 


Preston advocates the use of shaking traps to prevent sand from packing and 
to settle the mercury better. 



FIG. 445. — LONGITUDINAL AND CROSS SECTIONS OF SPERItv’s 'ritAP. 


§ 550. Cleaning up Mercury Traps. — As a rule this comes at the* time of the 
periodical clean up of the mills, which has been already (h^scribed (sec S 
the treatment of the contents of the traps is similar to that of th(‘ battcTy sands. 
The interval of cleaning may vary however. The Saxon Mill in Australia cleans 
out its riffles, which serve as traps, every hour. On the other hand, the No. 3 trap 
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of Mill 67 which is outside the mill, is cleaned but twice a year. The method at 
Mill 73 is as follows : Every two weeks when the No. 2 sluice plates of this mill 
are dressed and cleaned (see § 533), the top of No. 1 trap is taken off and the sul- 
phurets and quicksilver scooped out to a bucket. The No. 2 traps or riffles are 
also cleaned out with a small scraper into the bucket. The contents of the huckety 
along with the other products of the clean up, go to the clean up barrel. Mill 
66 cleans out the traps every month, and sends the entire contents to a clean up 
pan. The No. 1 traps of the mill yield 80 ounces of amalgam and 144 ounces 
mercury per month, while the No. 2 traps yield 10 to 12 ounces of amalgam and 
40 ounces of mercury. 


Amalgamators. 


§ 551. This name is given to various machines, which do no crushing, but sim- 
ply amalgamate by bringing gold into contact with mercury by some mechanical 
means, as pressure, agitation or scouring. They are but little used in this coun- 
try, since the work of brightening and amalgamating the gold is well done by the 
stamp mill. A great many designs have been invented but, for the most part, they 
have been discarded, either from their complication, difficulty of cleaning, or some 
other defect. Brief mention will be made of a few of the leading types which have 
at some time met with success. 

§ 552. The Atwood Amalgamator. — ^This formerly had an extensive use in 
California, and is occasionally used to-day. As shown in Figs. 446a and 446 &, it 



FIG. 4AC)a . — ELEVATION OF THE ATWOOD AMALGAMATOR. 

771 



Cc iIl of fett jml lucheu 


FIO. 4406. — PLAN, 
consists of two transverse c-ylindrical troiighs tt, 17 inches long an . 
deep. Two wooden cylinders cc have radial arms of i-meh round aron, the ends 
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of which are slightly curved. The arms are set along the cylinders in 12 long- 
itudinal rows containing alternately 8 and 9 arms. These arms almost touch the 
quicksilver without dipping into it. In some of the machines these arms dip into 
the mercury and force all the sand below the surface. The cylinders are 2 feet 10 
inphoa apart center to center, and their difference in level is 6 inches. Small belts 
revolve at the rate of 60 revolutions per minute. An automatic feeder, with 
the help of a stream of warm water, causes the pulp to pass down across the 
troughs. Formerly at Grass Valley, the pulp from the stamps passed over blanket 
tables, and the gold and sulphurets caught there were treated by the Atwood amal- 
gamator at the rate of 3 tons in 24 hours, using 1 cubic foot of water per minute. 
The agitation from the arms helps to bring the pulp in contact with the mer- 
cury. Particles of bright gold are easily caught and sink to the bottom, while 



Scale of feet and inches 

PIG. 4:4:7c . — ^ENLARGED SECTION OF RUBBING 



PIG. 447a. — ELEVATION 


OP ECTREKA RUBBER. 



S<..de of fi'dl jud iui.hes 


FIG. 4476. — Plan. 


FIG. 448. — SECTION OF TflE LASZLO AMAUJAM ATOIt. 



particles of rusty gold or gold attached to quartz, with only a portion of the sur- 
face brightened, are caught and held by the bright corner and float on the sur- 
face of the mercury. These floating grains were skimmed off at intervals and 
treated in Knox amalgamlating pans. Once a week the amalgam was taken out 
and strained through cloth or chamois. 

§ 553. The Eureka Rubber. — This is another early California device which 
is still met with. Tt consists (see Figs. 447a, 4476 and 447c) of a rectangular 
cast iron box, 7 inches deep, and 4 feet 8 inches square, in the bottom of which are 
cast iron dies or plates, over which cast iron shoes, attached to a frame, have a 
rectilinear motion. The cast iron dies dd, inches thick, are mounted on wooden 
boards c c c, the spaces between being filled with wooden blocks e e. The cast iron 
shoes are fastened to wooden backings, which are bolted to two timbers g g. The 
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wooden backings of the shoes have amalgamated plates attached to them. The 
shoe frame receives a backward and forward horizontal movement of 4 inches from 
an eccentric making 55 revolutions per minute. The shoe frame is suspended 
from a wooden frame m m the height of which is adjustable. This machine was 
formerly used at Grass Valley to treat the tailings from the blanket tables and the 
• amalgamator previously mentioned. It treated between 11 and 12 tons 

in 24 hours. Its action is to brighten any particles of gold and enable them to be 
flight its amalgamated plates. A Eureka rubber was formerly used at the 
Father de Smet mill. South Dakota, between the upper and lower plates. It was 
given up, ImweTCr, on account of the cost of running and the small amount which 
it saved. One battery gave too much pulp for it to treat. 

T:^ Gold King Amalgamator, used in 1895 at Mill 72, but since taken out, 
consisted of a dightly mclined revolving cylinder with radial fins inside covered 
by amalgamated plates. The pulp was fed at the upper end and discharged at the 
lower. 

§ 554. The Laszlo Amalgamator, which is used to a considerable extent in 
Transylvania, where crushing and amalgamation are done separately, is shown in 
Fig. 448. It consists of a cast iron pan a, with mercury in the bottom, in which 
rotates a cast iron muller h. In the bottom of the pan are stationary rings c and 
dj which extend upward into corresponding recesses in the revolving muller. The 
pulp enters the hopper t, passes down and then up over the ring c, after which it 
again goes down and then up over the ring d, down again and out over the spout 
f' to a second pan, where its course is similar to that in the first pan. Teeth n 
attached to the lower portion of the muller serve to bring the pulp into contact 
with the mercury. Each pair of pans treats an average of 2 tons of stamped ore 
in 24 hours. The amalgam is cleaned out at intervals of from 10 to 30 days. 

Amalgamating Pans which are by far the most important amalgamators, par- 
ticularly for silver ores, have been already described (see § 206), since they are 
designed to do grinding if desired. 

§ 555. Settlers. — These are used in silver mills to receive the charge from 
amalgamating pans and separate or settle the amalgam which it contains. Their 
construction and action is very similar to amalgamating pans except that they 
are made larger, usually 8 feet diameter instead of 5 feet, as is the case with the 
pan, and since they do no grinding there are no dies and the shoes do not touch 
tlu‘ bottom. They also have a series of plugs, usually three, at various levels in 
ilu^ sides. The dimensions of the settlers in the mills are shown in Table 346. 
Fig. 449 shows Fraser & Chalmers’ combination 8-foot settler. 


TABLE 346. — SETTLERS. 


Mill No 

Diameter 

Depth. 

No of Revolutions 
per Minute 

Time for Settling 
One Charj^e 


F(‘et 

8 

Feet Inches 

8 2 

Ifi 

Hours 

2 

m 

8 

4 

0 

13 

4 


8 

3 

6 

15 

3 


Th(‘ slioos are either of wood or of iron set at an angle to produce a current and 
arf‘ altached to the muller, which may be either a circular ring, as in pans, or 
simplv four arms. The bottoms of settlers generally slope toward the periphery, 
and th(Te is a groove in the bottom around the margin which deepens toward one 
})()int, where there is a connection with an amalgam well or bowl outside. The 
nicrcury runs out and accumulates in the bowl, whence it is removed by a plug or 
by dipping it out. 

All ihroo of the mills of Table 346 contain one-half as many settlers as there are 
amalgamating pans, and the time of treatment in settlers is consequently one-half 
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as long as in the pans. The routine in Mill 83 will serve as an illustration of the 
use of settlers. This mill has 24 pans and 12 settlers, as shown in Fig. 450. The 
odd pans are charged every 8 hours, and the even pans at equal intervals between. 
Every four hours either the 12 odd or the 12 even pans are discharged to the set- 
tlers. The muller of the settler is kept revolving continuously. The pan 
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FIG. 450. SKETCH OF PANS AND SETTLEh'S I\ MILL S;’). 


charge is hosed out and run into the settler with suflieient cold water to fill the 
latter. This dilutes the pulp and allows the amalgam to settle. The eonsistency 
of the mass must be such that the sand is kept in suspension while the amalgam 
settles to the bottom. The speed of the muller may help or hinder this, as the 
higher the speed the harder it is for the mercury to collect together and scdtle. It 
should b^ noted that the speed of revolution is much lower than in pans, never 
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being over 20 per minute even for coarse sand. After the mnller has been revolv- 
ing 2-J honrs the hose over the settlers is turned on, cansing them to overflow from 
a little spout at one side. This water is best added as a spray, which not only 
avoids stirring up the pulp, but helps the settling. Thirty minutes later the top 
or No. 1 plug is opened; twenty minutes after this. No. 2, and twenty minutes 
later, No. 3 plug. After running from No. 3 ‘plug for 20 minutes the hose is 
shut off and the charge from the alternate pan is run in. This makes the total 
time of treating a charge in settlers as 4 hours. Some coarse heavy sand, un- 



FIG. 451. — SECTION OF AGITATOR. 


around sulphurets, amalgam, mercury and iron accumulate m the bottom, so that 
settlers are cleaned out periodically and the products may be reworked in pans. 

In designing mills Fraser & Chalmers rate settlers as requiring 5 horse power. 
Settlers yield amalgam and tailings which overflow either to agitators or else 


so directly to waste. _ 

In the Boss system of pan amalgamation, the pulp from the p^s runs continu- 
ously through the settlers and it requires hut little dilution. To cool the pulp 
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there is a spiral pipe around the inside of the settler through which cold water 
circulates. 

§ 556. Agitators. — These are used in some mills to follow settlers and act as a 
guard for them. They also catch the drainings of the mill floors. They are in 
the form of broad shallow wooden pans, in which are vertical stirrers suspended 
from the horizontal arms of a revolving muller. The Fraser & Chalmters agita- 
tor is shown in Fig. 451, The dimensions of them in the mills are given in Table 
347. 


TABLE 347. — ^AGITATORS. 


MUl 

No. 

Diameter. 

Feet. 

Depth. 

Feet. 

No. of Revolutions 
per Minute. 

82 

12 


18 

83 

8 

4 

26 

64 

8 

4 

25 


Mill 82 has 5 agitators for 12 settlers, Mill 83, 4 for 12, and Mill 84, 2 for 10. 
The speed of revolution is low and varies inversely as the diameter. 

Agitators are furnished with a constant stream of water, the pulp from set- 
tlers being fed and discharged as overflow at the same time. They collect some 
coarse sand, a little mercury, amalgam, sulphurets and iron, but the amount saved 
is small- The accumulations are generally shoveled out about once a month. In 
Mill 82 they are cleaned out every 12 hours, and the cleanings sent back to pans. 
The tailings which overflow from agitators are generally waste. 

§ 557. A Wheel Agitator is used in Mill 82 to treat the tailings of the regu- 
lar agitators. It consists of a tank in which a cylindrical paddle wheel, 12 feet 
in diameter, is driven by a belt at the rate of 13 revolutions per minute. This 
agitates the sand and allows mercury and amalgam to settle. It also elevates the 
water and sand in six buckets on each side of the wheel sufficiently to remove them 
from the tank and allow them to flow to the pond. These buckets are 6X6X3 
inches in size and are placed at some distance inside the periphery of the wheel. 

There are various other amalgamating devices, for the description of which the 
reader is referred to works on metallurgy. 


Cleaning Amalgam, Eetorting, Melting, Care of Mercury, Losses. 

§ 558. Cleaning Amalgam. — The amalgam which is obtained from the plates 
and the mortar, is more or less dirty from the presence of sand, fine sulphurets 
or iron and base metal amalgam. The plate anialgarri is generally eleanc'd sepa- 
rately from the battery amalgam, but the procedure is mu(‘h the same in both eases. 
The sand and iron may be removed by washing in small batches in a gold hand 
pan, and the removal of fine sulphurets and base metal amalgam may be done by 
repeated grinding in either a Wedgewood or a muller mortar, with an addition of 
quicksilver and warm water, which brings th(‘m to the surface, whence th(‘y are 
skimmed off. Pouring from one dish to another will cause imymrities to rise. 
Instead of by gold pans and mortars, the amalgam is fn'quently chinned mechan- 
ically in a clean up barrel or a clean up pan, as descrilx'd in g 217 and g 228, and 
the skimmings may be re-ground and finally cleaned with a little cyanide of po- 
tassium, or where mostly base metal amalgam, they may be retorted separately 
and the residue melted repeatedly with nitre and borax to get a gold button. 

At Mill 71 the sulphurets, which are separated from the plate amalgam, are 
roasted in a small furnace and then smelted with fluxes in a crucible. 




559 


AMALGAMATION. 


781 


The sulphurets which are separated from the daily amalgam in Mill 73 are often 
worth $10.00 per pound, and therefore allowed to accnmnlate, and at the end cf 
the month are treated by themselves in the clean up barrel with quicksilver. The 
skim m ings from all amalgam from the clean up barrel are comparatively clean 
and are retorted and melted into a separate bar which is of low grade. 

§ 559. Squeezing Amalgam. — The cleaned amalgam is next squeezed through 
buckskin, chamois skin, closely woven drilling or fine canvas (cotton duck), all 
of which may or may not have been thoroughly wetted with water. The cloth or 
leather is laid over a vessel and the amalgam put in the center. The squeezing is 
done by gathering up the free ends and twisting, generally under cold water, so 
as to compress the amalgam and at the same time squeezing it with the hand. 
Mechanical squeezers have been invented but are not generally used. The Alaska 
Treadwell Co., however, which has a very large stamp mill, has recently installed 
a hydraulic amalgam squeezer which seems applicable there, owing to the magni- 
tude of the operation. To save the labor of squeezing a large amount of 
amalgam. Mill 66 first strains it through a regular strainer as used in 
silver mills, which is a conical canvas bag suspended from a ring. The amalgam 
that fails to pass through the strainer is squeezed in the regular way. The mer- 
cury squeezed out is No. 1 amalgam, as previously stated in § 514, and is used 
over again. The amount of gold and silver in it is independent of the pressure 
used. Louis has shown, however, that the amount is greater at the beginning and 
end than at the middle of the squeezing and greater at the end than at the begin- 
ning. He also shows that the amount is greater the higher the temperature of 
squeezing. In one case the liquid squeezed out at 17® C. contained 0.57 parts gold 
in a thousand, while that squeezed out at 51®C. contained 1.73 parts ; another case 
gave 0.46 parts at 18®C. and 1.10 parts at 72®C. 

The practice of hot straining at or near 212® P., formerly used to some extent 
for the separation of lead amalgam, has now been generally given up since it led 
to considerable loss of quicksilver and to the salivation of the men.^®® Louis 
Janin, Jr.,* reports that the method is most successful, but has been given up sim- 
ply because ores containing so much lead (15 to 30%) are now shipped and 
smelted instead of being amalgamated. Some of the mills now use warm water 
at about 100 ®F., but this is simply to make the amalgam more liquid and enable 
more of the mercury to be squeezed out. 

§ 560. Eetorting Amalgam. — Eetorts are of cast iron and are of two kinds : 
(1) the cylindrical retort which is mounted horizontally in a fixed position in a 
furnace and is shown in Fig. 452, and (2) the pot retorts of various sizes, which 
are usually smaller than the cylindrical form and have no fixed furnace but are 
temporarily set into a pot furnace or over a blacksmith's forge or simply have a 
fire built beneath them. A pot retort is shown in Fig. 453. Both forms have a 
delivery pipe which leads to a Liebig condenser. A cover or a door is provided 
which can be luted on tight. Eetorts are STiiooth inside and in pot retorts before put- 
ting in amalgam, to prevent sticking, the inside walls should be coated with chalk 
or whitening or a thin paste of ground fire clay and graphite. Paper is sometimes 
used, which chars and makc^ a coating. ]\Iill 73 has found a paste of good oak 
ashes, finer than 40 mesh and free from dirt, to be the best material for luting, 
as there is no shrinkage. (Mindrical retorts have semi-cylindrical trays in them 
in which the amalgam is placed, while in pot retorts the amalgam is placed di- 
rectly into the retort and left loose or rammed down by a rod having a nut on the 
end, so that the retort is not over three-fourths full. It is well to make a vent 
hole for the mercury vapor down the center. Louis recommends that a disc of 
asbestos board be placed on the amalgam to prevent spirting. After the amal- 
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gam is all in and the retort tightly sealed, the fire is started and the retort gradu- 
ally heated. Care should 
be had to apply only a mod- 
erate heat at first, just 
enough to causie the mer- 
cury to distil over gently. 
Too high a heat at the start 
will cause more mercury to 
be retained in the end. 
The mercury vapor passcvs 
over, is condensed and dis- 
charged into a vessel of 
water. The discharge pipe 
should dip but slightly into 
the water in order that there 
may be no danger of an ex- 
plosion from water being 
sucked back if the retort 
cools. To avoid dipping 
P the pipe into the wat^ a 
FIG. 452. — SECTION OE CYLINDRICAL RETORT sack extension to the 

AND FURNACE. piP® ^ip in the water 

and will at. the same time 
prevent both explosion and 
salivation of attendant. At 
when the mercury 

^ M \% has ceased to come over, the 

W I heat should be raised to red- 

^ i - " ~ \% ness for a few minutes to 

VIl drive off as much mercury 

as possible, and then the re- 
before being 

nBr — opened. The residue usu- 

llf Ilf W separates easily from 

111 1 11 the retort or, if not, a chivsel 

■ U hammer are necessary. 

1^1 A few of the details of re- 

\ m torting and of the retorts 

f m as found in the mills, are 

\ m giv-on in Table 348. 

\m Wood is the best fuel. 

1m The amo-unt required in 

Mill 66 is about j cord per 
charge; at the Harshaw 
mill one cord of oak re- 

PIG. 453. — ^POT RETORT. Or 8 charges of 

800 pounds each, ttetorls 
are not long lived. If the last 1 or 14% of mercury is to h(‘ driviui off, a white 

heat is necessary, which melts part of the bullion and at the same time causes 

the iron to become bent and burnt out. Cylindrical retorts should bo made so as 
to be turned from time to time to expose new surfaces to the fire, and should 
be well supported to prolong their life. Warping and burning of the iron also 
occur where a cherry red temperature is used so that in a silver mill, with con- 
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stant use, J. M. Adams was able to make a retort last only years, although 
the best of care was given to it. 


TABLE 348. — ^RETORTS. 
Abbreviations.— Ft. =Feet; In.=Incbes; No.=Niimber. 


MiUNo. 

Kind of Retort. 

Length. 
Ft. In. 

Diameter. 

Inches. 

Weight of Charge. 
Pounds. 

How Often Run. 
Days. 

Time for Retorting 
Hours. 

67 

Cylindrical 

3 

0 

10 




68 

Pot 





14 


61 

Cylindrical 

2 

4 

10 


30 

3 to 5 

62 

Cylindrical 

1 

5 

9 


30 


66 

CylindricaL 

8 

0 

12 

(a) 500 


6 

67 

Pot 



200 

30 


68 

Cylindrical 



1,500 

14 

6 

72 

Cylindrical 

6 

0 

16 

80 

6 

83 1 

Cylindrical 




1,000 

(b) 14 

(c)8 

84 

Cylindrical 

5 

0 

14 

1,500 

14 

6to8 


(a) It can take 1,000 pounds. (Jb) There are several charges at this time from the clean up. It is also run 
at other times whenever 1,000 pounds of amalgam have accumulated, (cl The retort is charg^ and fired about 
9 A. M. and firing continued until 5 P. M. It cools over night and is opened the next forenoon. 


The retort residue contains, in addition to gold and silver, base metals (chiefly 
lead, copper, arsenic and antimony) which were not removed at the time of clean- 
ing the amalgam and were not volatilized. It also contains, according to Eose, 
at least 0.1% mercury, which can be driven off only by melting. This seems a 
very low figure to the author. The amount of base metals in the residue will 
vary with the conditions, such as the kind of ore, the purity of the water, the 
care taken not to scrape plates to bare copper and the care in cleaning amal- 
gam. Thus in Mill 56 where the conditions are very favorable, the retort residue 
is 935 to 956 fine in gold and is shipped direct, thereby saving the cost and labor 
of melting. On the other hand, the retort residue at the Peak Hill mine, New 
South Wales, was a black mass of copper oxide, iron and gold caused by the ac- 
tion of acid water containing copper sulphate upon fine particles of iron causing 
them to amalgamate.'^^ 

§ 561. Loss IN Weight by Eetorting or the Proportion of Bullion in 
Amalgam after Squeezing. — This varies within rather wide limits. Where 
tlie gold is coarse the percentage of bullion will be higher than where it is fine, 
owing to the presence of unpcnetrated nuggets. The harder the amalgam is 
squeezed, the higher it will retort. Working it in warm water also tends to raise 
its per cent. The evidence indicates that where unpenetrated nuggets are ab- 
sent, the contents of gold will always fall a few per cent, below the theoretical 
40%' of No. 2 amalgam, owing to a little remaining No. 1 amalgam in its 
interstices. Since coarse gold is caught nearer the battery than fine, it follows 
that amalgam from the head of the plates loses less than that from the foot. The 
figures which the author has obtained from the mills are given in Table 349, and 
show that squeezed amalgam contains from 17 to 60% bullion. 

table 349. — PERCENTAGE OF BULLION IN SQUEEZED AMALGAM. 


Mill 

Percent 

Mill. 

Percent 

56 

About 50 

Caledonia 

33 

65, 78 and 74 . . 

38 

Deadwt)Oil Terra . . . . 

25 

66 

88 to 40 

Harshaw (Silver) 

17 

67 

50 to 60 

Twelve Aposrles (summer) 

25 to 85 

69 

About 83 

Twelve Apostles (winter). 

7 to 10 


Mills 66, tlie Caledonia and the Deadwood Terra are all near together in the 
Black Hills, but they form a decreasing series. In the second the amalgam is 
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rot so caTefuUy cleaned as in the other two, while in the third the gold is finer 
than in the other two. The per cent, given for Mill 66 is the average of the mill. 
Samples taken from the head of the plates retorted 35 to 37%, while those 
from the tail retorted only 20 to 22%. Silver amalgam gives a much lower per 
cent, of bullion than gold. There are three things which would cause the per cent, 
of bullion in silver amalgam to be different from that in gold amalgam. First, 
the specific gravity of silver is only a little over one-half that of gold. Second, silver 
amalgam usually contains no unpenetrated nuggets. Third, silver may be com- 
bined with mercury in different proportion than gold. The first and second would 
tend to lower the per cent, of bullion in silver amalgam, while the third would 
either reduce or increase it as the case might be. 

§ 562. Melting. — The residue left in the retort is taken out, cut up, if neces- 
sary, and melted in a graphite crucible in a pot furnace. Before a graphite cruci- 
ble is used for the first time it should be annealed by drying it thoroughly and 
then gradually heating it upside down until it is red hot. Louis recommends 
good clay, or, better. Salamander crucibles, especially where fluxes are to be 
used, as the latter cut the graphite crucibles badly. The diameter of the furnace 
should be at least 5 or 6' inches larger than the outer diameter of the crucible, 
and should allow of 5 inches space between the bottom of the crucible and the 
grate. Charcoal, or, better, coke should be used for fuel. The crucible usually 
rests on a brick on the grate, and is heated hot before the metal is put in. A 
cover is used so that the crucible is imbedded in fuel. The common fluxes used 
are borax, soda, nitre, and silica. The more soda used the more liquid the slag 
is, and the better for pouring ; the more silica, the higher will be the fineness of 
the bullion, but the slag is more pasty and liable to contain shots. Nitre eats the 
crucible and is best not added until near the end of the process ; its office is to 
oxidize copper, lead, iron, etc. Some mills add a little corrosive sublimate near 
the finish after the slag is skimmed off. The pouring should be delayed from two 
to ten minutes after its addition, until the white fumes, which are poisonous, are 
all off. Its action is to give off chlorine, which combines with and volatilizes any 
arsenic or antimony present. 

The slag which is formed on top may be skimmed off by passing over the sur- 
face a flat coiled rod of cold iron, or the slag may remain on and be poured with 
the metal into the ingot moulds. Just before pouring, the contents of the crucible 
are well stirred with a graphite paddle. After pouring where the slag has not 
been removed, as soon as the gold has set, the mould is overturned into a bucket 
of water when the slag will easily separate from the metal. Cast iron ingot 
moulds of various sizes are used which are smoked evenly by inverting over a fire 
of cotton waste, coal oil and pitch or rosin and then heating. Washing with oil 
is often used instead of smoking. When the ingot is cold, it is sampled by taking 
two chips from diagonally opposite corners, and then shipped to tlie U. S. Min'? 
or to any bullion dealer. The slag always contains more or loss gold, and it is 
either remelted to settle out most of the shots and the partly cleaned slag sold to a 
smelter, or else it is run through the stamp battery along with old crucibles. 

At Mill 66 it takes four hours to melt four bars, weighing 1,000 to 1,400 ounces 
each and the graphite crucible lasts 8 to 12 charges. The cast ingot always 
weighs less than the retort residue. In Mill 66 the difference was H%, while 

amalgam is cleaned less carefully, the loss was 
7%. There is also less gold in the cast ingot since some has gone into the sla" 
and adhered to the walls of the crucible. The loss of gold in this way however 
can be red^uced to practically nothing by sending the slags, old crucibles, flue 
dust, etc., back to the stamps or to the clean up barrel. 

^ All the foregoing applies to gold mills. In silver mills the process of Tneltino* 

IS very similar except that it is done on a much larger scale. Small reverberatory 
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furnaces are sometimes used; fine charcoal is sprinkled over the ingot directly 
after pouring, to prevent sprouting and the sampling of the ingot is done by taking 
borings from both the top and bottom. 

Sampling a gold or silver ingot requires special care, since if there is even a 
small amount of other metal present liquation will occur, enriching either the top 
or the bottom of the ingot. In this ease a dip sample taken after stirring and 
just gefore pouring is preferable to either boring or cutting diagonally opposite 
comers of the ingot. 

§ 563. Fineness of Bullion. — The ingot after melting contains gold, silver 
and almost invariably a small amount of base metals, usually copper and iron. 
The amount of gold or silver in it is given by its fineness or number of parts in a 
thousand ; thus to say that bullion is 800 gold fine means that out of 1,000 parts 
bullion, 800 parts or 80% are gold. The fineness of the bullion will vary in dif- 
ferent mills according to the constituents of the ore and water, the condition of 
the plates and the care that is taken in cleaning amalgam. The composition of 
the bullion from a few of the mills is given in Table 350 to show the variation 
that may occur, and these do not include extremes. Perhaps the average fine- 
ness in gold is about 800. The increase in base metal contents in the Caledonia 
mill over Mill 66 is due to less care in cleaning amalgam. 


TABLE 350. — FINENESS OF BULLION. 


Mill Number. 

Fineness in j 

Mill Number. 

Fineness in 

Gold. 

Silver. 

Base Metals. 

Gold. 

Silver. 

Base Metals. 

5(i 

935 to 956 
805 

808 

820 

960 to 963 
600 




840 to 860 
500 to 600 
15 

60 to 500 
650 

798 

125 to 140 
400 to 500 
750 

400 to 850 
300 

182 


59 





(PlatrfMa) 


(il 



82 (Pn.nfi) , ^ 


66 

165 

16 

84 


67 

86 

50 

20 

68 

390 


rJaledonia 





§ 564. Care and Purification of Mercury. — The mercury or No. 1 amal- 
gam that is separated by straining is generally used over again in the mill, as 
Ihe small amount of gold and silver which it contains makes it a better agent for 
catching gold than pure mercury. If, however, it contains besides these a con- 
siderable amount of impurities, such as base metals (lead, copper, iron, bismuth, 
arsenic and antimony) and their compounds, it is best to clean it before using it 
over. Impure mercury is easily recognized by the fact that globules are pear- 
shaped with tails in flowing down over a glass plate or a gold pan, and they do 
not unite readily. It will also leave a film on rough blotting paper, and when 
shaken in a bottle with dry air a black powder forms on the surface. On the 
other hand, pure mercury gives brighter hemispherical globules and exhibits none 
of the properties just mentioned. Mercury may be made somewhat brighter and 
livelier by the addition of sodium amalgam, the action of which in partially re- 
moving impurities has already been explained in § 526. At the Haile gold mine^^ 
sodium phosphate is used to make the mercury bright and lively. Louis Janin, 
Jr.,* reports that zinc amalgam made by amalgamating zinc wutb the aid of sul- 
phuric acid has been very successfully 'used in the pan amalgamation of silver 
ores for resioring nuTCury in a foul condition to a state of purity. Retorting at 
a low temperatuns having the retort only half full, and using a cover 1 or 2 inches 
thi('k of charcoal powder or quicklime' will remove the most of the impurities. 
Lharcoal powd(T prevents the formation of any volatile oxides, as of lead. The 
(iiiicklime breaks up any sulphides or arsenides contained in commercial quick- 
silver and which might' distil over without being broken up. 

Impurities held in sus pension in mercury may be removed by allowing it to 

* Private communication . 


786 


OEE DRESSING. 


§ 565 

ran through a cone made of two or three thicknesses of filter paper or blotting 
paper which has a pin hole at the apex of the cone. Small amounts of impuri- 
ties may be removed by treatment with caustic potash, dilute acids, potassium 
cyanide, etc. This may be done by keeping the mercury covered by one of these 
agents and stirring occasionally, or it may fall in a thin stream or spray through 
a column of the agent four or five feet high. Mercury should be kept in a glass, 
earthenware, or porcelain lined vessel under a layer of weak potassium cyanide 
solution or dilute nitric acid (1 part acid to 4 of water) . The mercury is drawn 
off from a stop cock in the bottom, as desired, and is washed with water before 
using. The use of two such vessels allows time for the impurities to be removed 
in one while mercury is being used from the other. 

One instance is reported where bismuth is present in the ore and finds its way 
into the mercury. To remove it from mercury, the mercury is placed in a retort 
and partly distilled; then the retort is cooled and crystals of the compound of 
bismuth and mercury (BiHgx) which collect on the surface of the mercury in the 
retort are removed and distilled separately. The bismuth residue contains about 
35% gold, which is shipped to refinery. 

§ 565. Loss OF Mercury. — The amount of the loss of mercury per ton of ore 
has already been given in § 186. It seems proper to sum up here the various ways 
in which losses may occur. The remedies, as far as known, have been previously 
given in § 526. (1) Flouring is the source of the greatest loss. There will always 
be some floured mercury and amalgam which is in such a fine state of division 
that it will escape the mercury traps and go into the concentrates or the tailings. 
This loss is less the oftener the plates are cleaned. (2) Mercury may adhere 
to a bright spot on metallic particles, for example, included grains of gold, and 
pass beyond the traps. (3) Mercury may be lost by forming an amalgam with 
copper or lead, which is lighter than mercury and liable to be lost. (4) Mer- 
cury may be lost mechanically in many ways by careless handling. If spilled on 
the floor it divides into little globules which cannot all be recovered. The loss 
in this way may be reduced by handling mercury as far as possible under water, 
which acts as a blanket and prevents spattering. (5) In retorting, a small 
amount of mercury (0.1% or over) is always retained in the retort residue and 
is lost in melting; a small amount probably also escapes into the air. (G) The 
evaporation of mercury at ordinary temperatures is a hardly appreciable source 
of loss. (7) Under certain conditions there may be a small chemical loss. Thus 
sulphate of copper in the battery water may be decomposed by mercury, form- 
ing soluble sulphate of mercury and a copper amalgam. This chemical loss is a 
great source of loss in pan amalgamation. 

Losses of Gold in Amalgamation. — This may take place in any or 
all of the following ways: (1) Flotation of fine grains which do not come in 
contact with the mercury. Having numerous drops in the line of plates and usin^r 
a small amount of water reduces this. (2) Included grains in which the gold is 
surrounded by gangue. Finer crushing helps to avoid this. These grains will be 
caught m many cases by the concentrates. (3) Eusty gold, including gold sur- 
rounded by a film of any foreign substance which prevents it from coming in con- 
tact with mercury. The remedies for this are the same as for (2). (4) Com- 

pounds of gold, such as telluride. These may be saved on the concentrating ma- 
chines unless crushed too fine. (5) Sickened or floured mercury which is unable 
to properly attack the gold or is so fine as to be lost in the tailings and may carry 
gold in solution. The remedies for flouring previously given reduce the loss in 
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CHAPTER XVIII. 

MISCELLANEOUS PEOCESSES OF SEPAEATION. 


This chapter includes operations of occasional application, such as Magnetic 
Concentration and Boasting for Magnetism, Pneumatic Concentration and the 
following minor processes: 

Separation by Centrifugal Force, 

Eoasting for Porosity, 

Heating for Decrepitation, 

Disintegration Followed by Screening, 

Disintegration Followed by Settling or Elntriation, 

Weathering, 

Adhesion. 


Magnetic Concentration. 

§ 567. When Applicable. — Magnetic separation has been confined in prac- 
tice almost entirely to the separation of iron ores from gangue, or from other 
heavy minerals. Magnetite has been separated directly, as in Mills 89 and 91, 
but limonite, hematite and siderite have almost always been given a preliminary 
roasting to convert them into the magnetic oxide, as in Mill 93. The separation 
of blende from pyrite, or other iron ores, which can be only imperfectly done 
in the wet way, is readily effected magnetically after a preliminary roasting to 
convert the iron ore to magnetic sulphide or oxide. Recent advance's in the 
design of magnetic separators have led to their use directly on ores containing 
iron or manganese, which are only weakly magnetic. Thus, in Mill 92, frank- 
linite, garnet, tephroite and fowlerite are separated from zinc ores. Tests have 
also shown that hematite, limonite and siderite can be separated from their 
gangue in this way. 

In regard to the separation of minerals other than iron ores, although the 
author knows of no plants in operation, yet small scale tests have made* a s(‘[)a ra- 
tion on many minerals which lie so near one another in specific gravity as to pre- 
clude a separation in the wet way. Among these separations are ( 1 ) rutile from 
apatite, (2) rutile, garnet and monazite from one another, (3) garnet from 
gametiferous rocks and schists, (4) garnet and other injurious iron mincTals 
from corundum, (5) siderite from cryolite, (6) emery from gangue. Wliere 
the two minerals to be separated lie very close to one another in their magnetic 
properties, they must be very closely sized before treating. Sorti(‘tim<‘.s they 
are so close that a separation is impossible, as was the case with a e(‘rtain 
chromite ore which was to be separated from serpentine. 

In addition to iron ores, magnetic separation has been applied to various waste 
products; for example, to the separation of iron in the form of seraf) and shots 
from blast furnace refuse, and in the Bessemer process; also to the separation 
of iron from brass turnings in machine shops. 

§ 568. Designing oe Electromagnets. — Steel bars may be magnetized and 
retain more or less magnetism indefinitely. Bars of sof^ wrought or of cast 
iron may be ma^etized by electric currents in surroundii^*- coils of insulated 
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copper wire. These iron bars form electromagnets as long as the current flows, 
and on account of their greater strength and certainty, are preferred to the 
relatively weak and uncertain permanent steel magnets for practically all mag- 
netic machines. 

All magnets have north and south poles and would, if suspended, line them- 
selves up with the compass or magnetic meridian of the earth. The poles of an 
electromagnet may be reversed by simply reversing the direction of flow of the 
electric current. The magnetism, or magnetic field can be obtained of different 
intensities ranging from indefinitely weak to a certain maximum of strength. 
For application to the purposes of separation of ores, it is necessary to be able 
to control the intensity of the field for any specific separation. Thus magnetite, 
a strongly attracted substance, may be separated from apatite by a comparatively 
weak magnet, while the separation of franklinite from willemite and calamine 
requires a magnetic field of high intensity, and a higher still to separate red 
garnet, a very weakly magnetic substance, from corundum. The intensity of the 
magnetic field depends on the size of the magnet, the form of it, the distance 
between the body to be attracted and the magnet, and the number of ampere- 
turns in the magnet coil, that is, the product of the amperes of current flowing 
in the coil times the number of turns around the core. 

The unit of magnetic field used by electricians is represented by one magnetic 
line of force per square centimeter. We have one line of force or a unit field 
whenever over one square centimeter there is a pull of one dyne (1.019368 mg.) 
upon a magnetic pole placed in it. The conception of lines of force expresses 
also direction as well as quantity. A unit pole is defined as a pole which gives 
1 dyne pull upon a similar pole of opposite polarity placed at 1 centimeter dis- 
tance from it. To get a practical understanding of the lines of force we may 




FIG. 456. 


(‘mploy MaxwclTs law that magnetic attraction varies as the square of the num- 

A 

bcT of lipcs of force or 7^ (dynes) — where P represents the attraction or 

])iill in dynes, H represcnls the intensity of field or number of lines per square 
('entirnetor and A represents the area of the field. Eeversing this formula, we 


get B = |/: 


Hit 7' 


To illustrate the application of this let us suppose that the 


attraction between the f)nles N and f? of Pig. 45G has been found to be 200 dynes 
and the area of each pole face is 2 square centim^ers. Then the average number 

/ 8 ^ 200 

of lines of force per square centimeter is|/-l^ — _ — , or 50.13. 

2 


The magnetic lines existing around magnets are well illustrated by Figs. 454, 
455 and 45(i. These three figures show a varying amount of dispersion or scat- 
tering of tho linos of foreo. Fig. 454 shows the most dispersion and Fig. 456 
shows tho greatest concentration. 
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8 569. It is possible in this work to give only the prominent poinfa on the 
theory and design of electromagnets. Magnetic lines of force are analogous to 
electric currents. They both form closed circuits. Corresponding to the 
strength of the electric current there is the number of magnetic lines ot torce 
produced; to the resistance of the electrical circuit corresponds the reluctance, 
as it is called, which opposes the magnetic lines of force; and finally, in place 
of the electromotive force, which tends to cause electrical currents, there is the 
magnetomotive force which tends to produce magnetic lines of force. Just as 

electromotive force •, 

the strength of electrical current^ resistance of electrical circuit 


magnetomotive force 

number of magnetic lines of force = reluctance of the magnetic circuit ' 

The magnetomotive force in a magnetic circuit is directly proportional to the 
number of ampere-tums; the reluctance is directly proportional to the length 
of the circuit and inversely proportional to the sectional area, and likewise, to 
the permeability of the substances in the circuit. 

By the term permeability, commonly denoted by is meant a numerical 
coefficient which expresses how much greater the number of lines generated in 
a substance by a given magnetomotive force is than those which would be gen- 
erated in air by the same force. For example, a magnetomotive force which 
will produce H magnetic lines per square centimeter in air, will produce B 
magnetic lines per square centimeter in a piece of soft annealed iron. The 

ratio ^ is jn. The permeability of air and all the non-magnetic ma- 

torials is practically 1 ; that of magnetic substances is greater than 1. The 
value H is generally used as a measure of the magnetomotive force. The per- 
meability of iron is of special interest as it varies with the magnetomotive force 
and with the kind of iron. This is well shown by Fig. 457, where the mag- 
netomotive force H, or a number of lines per square centimeter in air, is plotted 
as abscissae and the corresponding number of lines B per square centimeter in 
iron is plotted as ordinates. For annealed wrought iron and cast iron this 
relation is also given in Table 351. 


TABLE 351. PERMEABILITY. 


Annealed Wrought Iron. 

Annealed Wrought Iron. | 

j Cray Cast Iron 

B. 

H. 

//. 

B. 

H. 

JH. 

B 

H. 

/l. 

6,000 

1.66 

3,000 

15,000 

28.5 

526 

4,000 

r> 

800 

9,000 

4 

2,260 

16,000 

50 

320 

5.000 

10 

500 

10,000 

5 

2,000 

17,000 

105 

161 

6,000 

21 5 

2'; 9 

11,000 

6 6 

1,692 

18,000 

200 

90 

7,000 

42 

133 

12,000 

8.6 

1,412 

19,000 

350 

54 

8,000 

80 

100 

13,000 

12 

1,083 

20,000 

666 

30 

9,000 

127 

71 

14,000 

17 

823 




10,000 

188 

53 







11,0(M) 

292 

37 


It will be seen that iron does not give a proportional increase in R for an in- 
crease in 11, and consequently^ the permeability decreas(‘s. It is not })()ssible 
to get a value of B in soft, annealed iron much above 20,000, without using 
an enormous magnetomotive force, and this point is, therefore, called th(‘ point 
of saturation of the iron. In designing electromagnets it is generally not good 
economy to let B go above 16,000 for wrought iron, or above 6,000 for cast iron. 

§ 570. It is possible to express the number of lines of force in a magn(‘tic 
circuit by a formula. Let S denote the number of turns in the coil; let i 
denote the strength of the current, that is, the number of amperes; let I be 
the length of the circuit in centimeters and A the area of its cross section in 
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square centimeters; let u denote the permeabilitj' as before, and let N be the 
total number of magnetic lines flowing through the circuit, or as it is frequently 
called, the magnetic flux. 

/f 

Then magnetomotive force= — j^=1.257 Si. 

Magnetic reluctance= 

A fi 

4 ^ Si 

Magnetic flux, iV= — 

The symbol s is to indicate a summation where different parts of the mag- 
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EIG. 457. — CURVES OF PERMEABILITY NET USED FOR LEAK- 


OF DIFFERENT KINDS OF IRON. AGE EXPERIMENTS. 

netic circuit are not all of the same size and material. In that case the reluc- 
tance of each part must be calculated separately and all finally added together. 
The last formula shows how to calculate the strength of field of a magnet 
already constructed. What is more frequently desired is to construct a magnet 
which will give a certain strength of field. The various steps to accomplish 
this are as follows : 

(1) Decide on the strength, length and area of cross section of the field 
or air gap between the poles. Since the best wrought iron cannot economically 
carry more than 16,000 magnetic lines per square centimeter, it follows that 
the number of lines per square centimeter in the air gap cannot go beyond this, 
and for economy it will be much below. Let it be assumed, for a specific example, 
that a field of 4,000 lines per square centimeter is desired over an area of 100 
square centimeters, or 400,000 lines in all. 

(2) Estimate the leakage or the number of extra lines which it will be 
necessary to produce in order to attain the desired strength of field. The 
number of these extra lines which depart from the circuit of the main body 
of lines, will depend upon the shape of the magnet and the length of the air 
gap. A magnet like that of Fig. 455, has more leakage than one like Fig. 456. 
The amount of leakage can be only roughly estimated. For a ma^et like 
the last, with an air gap of \ inch, it may be about 0.3 of the useful lines, and 
for larger air gaps it will be greater. Probably in no case will it ever be over 
twice the number of useful lines even in a poorly designed magnet of the form 
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of Fig. 456, This leakage is always a very important quantity in all electro- 
magnets. To give an idea of its variations, the following results of experi- 
ments made by Thompson on a magnet, as shown in Fig. 458, are given in 
Table 352. The cores of the magnet were 13-mm. diameter, and the coil 
consisted of 178 turns. The three coils B, and 0, were connected with gal- 
vanometers and served to show the number of magnetic lines of force which 
passed through them under different conditions. 


TABLE 352. — LEAKAGES IK THE MAGNETIC CIRCUIT OP PIG. 458. 


Position of Armature. 

Number of Lines per Square 
Centimeter. 

Position of Armature. 

Number of Lines per Square 
Centimeter. 

At A. 

At B. 

At C. 

At A. 1 At B. 

1 At C. 

With Current of 0.7 Ampere. 

With Current of 3.7 Amperes. 

In contact 

12,506 
1,552 
1,149 
1,014 
• 676 

13,870 

2,163 

1,487 

1,081 

1,014 

675 

14,190 

3,786 

2,889 

2,028 

1,690 

1,352 


20,940 

5,610 

4,597 

2,569 

1,149 

22,280 

7,568 

6,722 

3,245 

2,704 

2,866 

22,960 

11,831 

9,802 

7,436 

7,098 

6,427 

1 mm. from poles 

2 mm. from poles 

6 mm. from poles 

10 mm. from poles 

Removed 

1 mm. from poles 

2 mm. from poles 

5 mm. from poles 

10 mm. from poles 





With Current of 1.7 Amperes, 

With Current of 6.7 Amperes. 

In contact,. . . . ; 

18,240 

2,570 

2,366 

1,852 

811 

19,590 

8,381 

2,839 

2,299 

1,362 

1,308 

20,283 

5,408 

6,073 

5,949 

3,381 

3,041 


21,980 

8,110 

5,611 

4,056 

2,029 

23,660 

10,810 

8,464 

5,278 

4,057 

3,581 

24,040 

17,220 

15,886 

12,627 

10,142 

9,795 

1 mm. from poles 

2 ram. from poles 

5 mm. from poles 

10 mm. from poles. 
Removed 

1 mm. from poles 

2 mm. from poles 

5 mm. from poles 

10 mm. from poles 






Let it be assumed for the special magnet outlined in (1), that an air gap 
of J-inch length is desired. Then the number of magnetic lines of force to pass 
through the iron core will not be 400,000, but will be 1.3 times 400,000 or 
520,000. 

(3) Calculate the size of core. Since the iron cannot economically carry 
more than 16,000 lines per square centimeter, it follows that the cross’ section 

^ 520,000 

01 tne core must be OOO" square centimeters, which corresponds 

to a diameter of 6.4 centimeters. 

(4) Determine the length of the core, yoke and pole pieces. The length of 

the core has to be assumed and the calculation carried through ; if at the end 
it is found that a WTong length has been assumed, then another value is tak(‘n 
and the calculation repeated. A good figure of length of core to assume for 
the first calculation is to make the length equal to 4^ times its diamet<‘r. The 
length of the yoke and also of the pole pieces (if any are used) must b(‘ detor- 
mined at this point. These lengths should be as short as poLible consistent 
With arnple space for the winding of the cores. The yoke may economicallv b<‘ 
made of larger cross section than the cores. Let it be assumed for the ealeula- 
tion that each core be 28.8 cm. long, the yoke 21 cm. long and each pole piece 
10.2 cm. long. This makes a total len^h of 99 cm. ^ ^ 

(5) Calculate the ampere-turns required. This may be readily done bv refer- 

4 8i ^ 

ring to the formula for magnetic flux : N = 


I 


which transposed is Si — X iV X S — 

4 A fi 

In the magnet under consideration this formula has to be applied separately 
to the air ffan and to the cores, voke and nole nieces. For the air p-an. 
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400,000, 1 — 0.635 cm. ( J inch), A — 100 sq. cm. and A = 1, and the number of 

ampere turns required will be Si=— X 400,000 X - = 2,021. (I) 

4 JT 100 X 1 

For the iron cores, yoke and pole pieces, iV— 520,000; Z=99 cm., the total 
length of iron, that is, of cores, yoke and pole pieces ; A = 32-J sq. cm., except 
at the ends of the pole pieces which may be neglected^ and as given in Table 
351 for a value of ^=16,000, is 320. Hence the number of turns required for 

the iron will be Si = }- X 520,000 X ^ = 3,939. (II) 

The sum of (I) and (II) or 6,060 is the total number of ampere-turns required. 

(6) Calculating the winding. The number of turns required may be obtained 
by dividing the total number of ampere-turns by the strength of the current 
in amperes, which latter will vary with the source of power. Having obtained 
the number of turns necessary, it would seem that the desired result had been 
attained, but there is a certain amount of heat generated by the current in 
any coil of wire, which is retained in proportion as the depth of the coil in- 
creases, and, therefore, puts a limit upon the depth. The calculation of the 
heating involves the use of wire tables such as are given on page 178 of Thomp- 
son's Lectures on the Electromagnet. 

(7) Ee-ealeulation. It will very likely be found at the end that a wrong 
length has been assumed, either too short so that the coils are wound too deep, 
or too long so that the coils are stretched out unnecessarily, and the depth of 
the coils is much less than what it might be. In either case another length 
should be assumed and the calculation repeated. In fact, it is often necessary 
to repeat a half dozen times or more, and then by comparing the various results, 
to see which possesses the maximum advantage with regard to the weights 
of material used and the amount of current required. 

§ 571. Where there is a large air gap its reluctance is so great, as compared 
to that of the iron part of the circuit, that for rough work the latter may be 
neglected, provided that the iron is kept well below the point of saturation. 
In this ease the number of ampere-turns required to get a field of B lines per 
square centimeter through an air gap of a length of I centimeters is represented 

by the formula Si = ^ B. I, 

This formula is readily derived from the general formula Si=. — JV" 2 

4 TJf Ap^ 

which has been previously derived. Table 353 has been computed to show the 
number of ampere-turns required for various strengths of fields and lengths 
of air gaps. 

TABLE 353. — NUMBER OF AMPERE-TURNS REQUIRED FOR VARIOUS STRENGTHS OF 
FIELD AND LENGTHS OF AIR-GAP. 

Lengths of Air Gaps. 

Number of Magnetic ^ % inch linch lUinch 2 inches 2?^ inches 8 inches 

Lines per Square cm. 127cm, 191cm. 2 54cm 3 81cm. 5 08cm. 6.85cm. 7.62cm. 

Number of Ampere-Turns Required. 

505 708 1.011 1,516 2,021 2,527 3,032 

1,011 1,516 2,021 8,032 4,043 6,053 6,064 

2,021 8,032 4,043 6,064 8,085 10,106 12,128 

8,032 4,548 6,064 9,096 12,128 16,169 18191 

4,042 6,064 8,0a5 12,128 16,170 20,213 24,266 

.5,053 7,580 10,106 1 5,160 20,213 26,266 80,819 

6,Of54 9,096 12,127 18,192 24,255 30,319 36,888 

7,074 10,011 14,149 21,224 28,298 35,372 42,446 

8.085 12,127 16,170 a4,256 32,340 40,425 48 510 

9,095 13,643 18,191 27,288 36,883 46,478 64 674 

10,106 16,160 20,212 30,320 40,425 50,532 60,688 


500. 

1 , 000 . 

2 , 000 . 

3.000. 

4.000. 
.5,000. 
6000 
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§ 572 


In designing a magnet which is to be used for various purposes and requires 
a variable strength, it should be computed for the maximum strength desired, 
and then weaker fields may be obtained by adjustments, which allow the air 
gap to be lengthened or the strength of the electric current to be diminished. 
Where a very strong field is desired, the poles may be beveled ofE so that their 
area of cross section is less than that of the core. This, however, is done at a 
loss of some power, as halving the area does not by any means double the strength 
of the field. Consider a magnet like that of Fig. 456. The number of lines 

4.^ Si 


passing through the magnetic circuit is j — 

It I itt 

A» AttM 

where Si is the ampere-turns, 1, the length in cm. and Af, the area of cross section 
in sq. cm. respectively of the air gap, , and .4//, the length and area of cross 
section respectively of the iron, and M the coefficient of permeability of the iron. 
If J./ is decreased one half, then the first effect would be to cut down 


nearly one half, since the expression 


is relatively small compared to 


At 


However, as soon as N is cut down, the number of lines per 


unit of area in the iron is reduced in the same ratio, since the area 
of the core has not been diminished. This diminution of the lines per unit 
of area, or B, will cause ju to increase, as shown in Table 351, and the larger 
value of jii substituted in the equation will tend to partly offset the smaller value 
of A and the net result of reducing A' one-half is that N is also reduced, but 
to a lesser degree, depending on the varying conditions of individual magnets. 
Since A is reduced to a greater degree than it folio wt. that the strength of 
field per unit area is increased, although this effect is modified somewhat by the 
increased leakage. 

§ 572. Action of Substances in a Magnetic Field.— All substances are 
either attracted or repelled by magnets. The former, which are comparatively 
few in number, are called paramagnetic and the latter, which are more numerous, 
diamagnetic. The paramagnetic substances are the metals iron, nickel, cobalt, 
manganese, chromium, cerium, titanium, palladium, platinum, osmium, and many 
of their salts and compounds. The degree of attraction of these substances 
varies widely. The metals iron, nickel and cobalt, and the minerals magnetite 
and pyrrhotite are quite strongly attracted, while the other paramagnetic sub- 
stances are attracted only feebly, and there is a wide gap between them and the 
strongly attracted substances. 

To illustrate the difference between strong and weak magnetic substances, 
Delesse says that if steel be taken at 100,000, then the attractability of magnetite 
is 65,000, of siderite 120, of hematite 93 to 43 and of limonite 72 to 43. The 
last three substances are so low that they have been considered non-magnetic since 
no attraction was shown except in the very strong fields of rec(‘niIy*^construci(‘d 
magnetic separators. However, by using a magnetic separator designed to giv(' 
a very strong field and at the same time a field which is capable of fine adjustrmmt, 
it is possible not only to separate these as well as many otluT wisik paramagnetics 
from diamagnetics, but also to separate one from another ewen thougli the^diffi^r- 
ence in attractability is slight. 

§ 573. Classification of Magnetic Separators. — Magnetic si'paration mav 
be divided into two parts: (1) the attraction of magnetic particles by the mag- 
net, (2) the removal or conveying of the magnetic material away from the non- 
mametic. or vice versa, after the former has been attracted. According to the 
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apparatus used for the second part, magnetic separators are, for the puipose of 
description, divided into three classes; 

(I) Those with the ore on revolving cylindrical rolls or drums, within which 
are magnets. 

(II) Those with the ore on conveying belts or pans which either traverse mag- 
nets or are traversed by magnets. 

(III) Those in which the ore falls in front of magnets. 

Other points of difference in machines are in the use of permanent magnets 
or electromagnets ; in the treating of ore wet or dry ; in the use of magnets acting 
continuously or intermittently; in the subjecting of the ore to alternate polarity, 
which causes the magnetic particles to reverse their position and there% shake 
out the gangue, or to continuous polarity ; and in the use of a direct or an alter- 
nating current. 

Different machines are suited for different purposes. Separation of weakly 
magnetic substances requires a high power magnet. Separation of wet material 
without drying requires a machine adapted to use water. Separation of fine 



FIG. 459. — THE BALL-NORTON ELECTROMAGNETIC SEPARATOR. 


stuff down to dust requires a machine which will spread the material out in a 
very thin layer, since otherwise the magnetic particles are buried under the non- 
magnetic, and are not taken out owing to the pressure of the non-magnetic par- 
ticles surrounding them. 

I. MAGNETIC SEPARATORS USING DRUMS. 

§ 574. The Ball-Norton or Monarch Magnetic Separator. — As shown in 
Fig. 459, this consists of two revolving drums. Within each of these drums is 
a scries of stationary electromagnets so wound that opposite poles are adjacent 
to one another. Each magnet extends the whole working length of the drum. 
The ore is fed upon the top of the first drum, and as the drum revolves, the 
magnetic particles adhere to it, while the non-magnetic particles fall into a 
hopper below. The magnetic particles, as soon as they pass beyond the field of 
the magnets of the first drum, are thrown off by centrifugal force against the 
second drum. This second drum either revolves at a faster rate than the fir^t 

_ 1 - XT. M .#wXT-k -P ^ n 4-T-k X rt ^ ^X * ^ -H-k ^ ^X * ^1 ^ ^ • .^.Tk. 
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adhered to the first drum fail to adhere to the second drum, and drop down 
into a second hopper, thereby forming a middling product. Particles adhering 
to the second, drum are thrown over a partition as soon as they pass beyond 
the magnets. The alternate polarity of adjacent magnets in each drum, causes 
the magnetic particles to roll over and over while they pass by them. This action 
aids in the elimination of the gangue. A blast of air, acting in an opposite 
direction to the travel of the ore, removes dust. The capacity of a machine 
with drums 2-feet diameter and 2-feet face, varies from 15 to 20 tons of crude 
ore per hour, which has passed through a 16 or 20-mesh sieve. For best work 
the feed should be not over 1 mm. in size and perfectly dry. A plant at the 
Benson mines, St. Lawrence County, New York, had a capacity of 1,000 tons of 
crude ore per 24 hours, yielding about 500 tons of concentrates. A few results 
of its work are given in Table 354. 


TABLE 354. — PRODUCTS OF BALL-NORTON SEPARATOR. 


Mine. 

Crude Ore. 

Concentrates. 

Tailin&rs. 

Iron. 

Percent. 

Phosphorus. 

Percent. 

Iron. 

Percent. 

Phosphorus. 

Percent. 

Silica. 

Percent. 

Iron. 

Percent. 

Percent 
of Raw Ore. 

Benson (a) 

S2 0.^ 

0.15 

64 09 

0 032 


2.90 


Port Henry (new bed) 

47! 70 

70.9 

0.0089 

1.48 

38J) 

Port Henry (old bed) 

58.70 

2.^ 

71.1 

0.037 


20 0 

Croton, N. Y. (b) 

1 42.99 

0.153 

69.86 

0.021 

1.71 

7.95 

47.0 

Chateaugay Tailings 

11.80 


68.365 

0.008 

4.31 

4.38 

89.0 


(a) This ore contained 1.00^ sulphur and its concentrates had 0.21st sulphur. (6) This ore contained 0.30< 
sulphur and its concentrates had 0.04jt sulphur. 


The power required is 1 to 1-| horse power for the magnets of each drum and J 
to f horse power for revolving the drums. 

This machine is used in Mill 89, where the drums arc of compressed paper 
J inch thick, 30 inches diameter, 36 inches face and placed 1 in(;h apart. The 
first drum makes 40 revolutions per minute and uses a current of 10-J amperes; 
the second drum makes 50 revolutions per minute and uses a current of 13 
amperes. It is fed with stuff which has passed through a 2.12-inin. ( -jV 
round hole and makes heads to smelter, middlings to be re-crushed, and tailings 
to waste. It treats 125 tons of raw ore (magnetite) in 10 hours, whicli carries 
30% iron, and makes 45 tons of concentrates running 05.5% iron and 80 tons 
of tailings, running 2J to 3% iron. 

^ § 575. The Sautter Magnetic Separator, used at the PicTrcfitte and Fried- 
richssegen mines for the separation of blende from magnetite, is much like the 
Ball-Norton in principle. It has but one drum, made of copper, and tlie (‘Icctro- 
magnets extend over only one of the lower 90° quadrants lying betw(‘cn a V(Ttical 
and horizontal radius. The ore is fed against the drum at Ihc upper limit of 
the magnets, and the non-magnetic particles immediately Tall down l)(‘tw(‘en the 
drum and an inclined plane into their compartment. Tha magnetic particles 
are attracted and are carried down by the drum until they jiass the last magm't 
at the vertical radius, when they fall into a separate compartnumt. At Jhm-re- 
fitte, the most convenient velocity was found to be (M revolutions ])(‘r minute, 
and its capacity was 4 to 5 tons of ore per liour. It used 16 ampi'res with 
110 volts, which is equivalent to 2.3 horse power. 

§ 576. In the Siemens and Halske Magnetic Sm»ARAT()u, usimI at Maiern, 
Austria, the action is the same as in the Sautter. The drum is of brass, 60 cm’ 
long, 60 cm.^ diameter and 2 mm. thick. There are longitudinal projections 
on it, consisting of half round brass rods, (> mm. liigh and 9 cm. apart The 
magnets are of alternate polarity in order to cause; the magnetic particles to roll 
over and over. There are three magnet cores, each 25 mm. thick 500 mm 

- - J1 1 ^ A 1 mi... 1 ^ 
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in diameter, and each core has five layers of 21 turns, making the total length 
of wire for the three cores as 381 meters. The capacity on stuff ranging from 
1 to 3 mm. in diameter, is 1^ tons per hour and for stuff below 0.5 mm., 1 ton 
per hour. The capacity depends on the velocity of the drum. The speed is 
limited, however, owing to the fact that beyond a certain point the centrifugal 
force becomes suj0bcient to throw off the magnetic particles. This limit for a 
60-em. drum is 45 revolutions per minute, corresponding to a surface velocity 
of 1.4 meters per second. 

§ 577. The Heberli Magnetic Separator is shown in Fig. 460. This 
differs from the Sautter in that the 
drum revolves in the opposite direction, 
and consequently the electromagnets 
are set higher up. As used at Fried- 
richssegen for separating roasted 
blende and siderite, a 1 horse power 
dynamo will run four separators each 
treating stuff below 4 mm. at the rate 
of 500 kilos per hour. It takes ^ 
horse power to revolve the drum 45 
times per minute. The current used 
is 17 amperes. 

§ 578. The Ferraris Magnetic pig. 460. — section of the heberli 
Separator has been successfully ap- dry magnetic separator. 

plied to the separation of roasted ^ ^ v * 4 -\, 

blende and iron ore at Monteponi, Sardinia. It consists of a hub, mtn 
twenty-four cast iron magnet cores placed radially, on each of which is a 
ooil of copper wire. Outside of them is a corrugated cylinder of non- 
magnetic material, and at the two ends are two disc flanges of zinc. The magnets 
are all wound in a series and from each wire, which connects two successive 
magnets, there is a branch wire leading to one or the other of two annular seg- 
ment ring commutators placed one on each of the zinc discs. There are, there- 
fore, twelve segments in each commutator. Alternate wires lead to diirerent 
commutators. The brushes, one for each commutator, are set diametncaliy 
opposite to each other and thus the current enters by one commutator, splits m 
halves, and each half passes around through the magnets for 180 and out through 
the other commutator. The magnets, cylinder and commutators all revolve 
together Each brush is wide enough to touch two adjacent sections oi its 
commutator, and thus two diametrically opposite magnets are continually out of 
i\w circuit and form a neutral plane, which is usually set at an angle ol 45 
with the horizontal. Ore is fed on the top of the cylinder, and is held on the 
cvli rider by gravity in passing the upper edge of the neutral plane. As the revo- 
lution continues, 'the non-magnctic particles fall off, and when ^ reaches the 
lower edge of the neutral plane, the magnetic particles also. By a suitable 
arran<>-cmcnt of partitions, three products may be made: heads, middlings and 
tai liners A current of 6 amperes with 30 volts is required, and the magnets 
revoU^c 12 to 20 times per minute. The original ore contains 26% zinc and 
10% iron. It is first heated in a furnace sufficiently to render the iron mag- 
netic. It is then cooled, screened into five sizes,^ and each size treated by itself 
on the magnetic separator. The concentration is three tons into one, and the 
zinc concentrates contain 45% zinc. This machine is somewhat complicated 
and has therefore been recently replaced by a cross-belt machine (see § 590). 

8 579. Payne Magnetic Separator.— This is a machine with a revolving 
dnim ET and a fixed electromagnet, of which R is the coil and PP the pole pieces 
(see Figs. 461a and 461&). The special features of this machine are that the 
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field is of uniform strength across the width of the pole pieces, ^*d the lines of 
force are approximately normal to the surface of the drum. The umformity 
of strength is obtained by sub-dividing the pole pieces by means of little iron 
plates a. These plates are adjustable on the bolts and by spacing them farther 
apart near the inner edges of the pole pieces, the added reluctance of the air 
gaps thereby produced prevents a greater density of magnetic lines on the inner 
edges of the pole pieces, and at the same time causes the lines of force to pass 
out through the drum E approximately normal. The ore is fed as shown, upon 
the top of the drum, and the non-magnetic particles fall off as the drum revolves, 
while the magnetic particles adhere as long as the pole pieces remain concentric 
to the drum, and then, as the pole pieces curve inward from the drum, the 
strength of the field diminishes, and the magnetic particles are throvm off 
tangentially by centrifugal force. The ore being fed only along those portions 
of the drum surface which are opposite the pole pieces of the electromagnet 
where the lines of force are approximately normal, the formation of clots or 
bunches of ore, which increase the difficulty of securing a clean action, is in 
this way avoided, and the magnetic particles attach themselves in positions which 
favor the free discharge of the non-magnetic particles. 



FIG. 461a. — CROSS SEC- FIG. 461&. — LONGITUDINAL SECTION. 
TION OF THE PAYNE 
MAGNET AND DRUM. 


A separator of this form with two drums, one above the other, is used at Mill 
93 for separating roasted limonite ore from zinc ore. The upper drum removes 
the tailings and the lower drum separates the residue into heads and middlings. 
The material treated ranges from 6 mm. to 0, and the capacity of the machine 
is 5 tons per hour. The two drum machine is run at a higher speed and makes 
a somewhat more efficient separation than the single drum machine which was 
formerly used. 

Another form of this machine has a second electromagnet outside the drum, 
the pole pieces of which are concentric with the drum. Insh'ad of flu* s(‘('()n(I 
magnet, simply an armature A may be used, as slhown in Figs. 4G2a and Ai\2(). 
This makes an almost continuous circuit of iron except for two short, air gaps, and 
consequently gives a much stronger field suitable for tlu‘ weakly magnetic minerals. 

§ 580. The Wbnstrom Magnetic Separator. — In this machine, (see Figs. 
4r)3a and 4635) the revolving drum E is made up of alt(‘niate magnetic and 
non-magnetic bars, parallel to the axis. Within the drum and plac(*d ec-centri- 
cally to it is a fixed electromagnet A. This magnet is a cylinder a little more 
than one-half the diameter of the drum, with four circumferential grooves in 
it, in which the coils are so wound that the ridges of iron between them arc of 
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alternate polarity, north and south. The magnetic bars in the drum E are cut 
away so that one bar has projections extending toward all the north pole ridges 
of the magnet, while the next bar has projections toward all the south pole 
ridges. The bars are, therefore, practically prolongations of the pole pieces. 
The ore is fed upon the top of the drum, and the non-magnetic particles fall 
off just as soon as the drum has revolved sufficiently for them to do so, while 



FIG. 462a. — SECTION OF THE PAYNE SEPARATOR TO GIVE 


A STRONG FIELD. 

the magnetic particles are carried around underneath, until, owing to the eccen- 
tricity of the drum and the magnet, the attracting force becomes so weak that 
they also fall off into a separate compartment. ^ . 

This is the leading machine in Sweden, and it has found quite an extensive 
use in this country. It is especially adapted to treating coarse stufE which is not 



FIG. 4626. — SECTION OF CORE, ARMATURE AND YOKES. 


necessarily dry Two sizes of it are made, one with a flrum 27 inches in diameter 
and 24 inches face, which will treat 5 tons per hour of stuff with 4 inches maxi- 
mum size, using 15 amperes with 110 volts and one with a drum 20 ^ches 
diameter and 15 inches face, which will treat 3 tons per hour of stuff with about 
U inches maximum size. A machine of the larger size used at the Dannemora 
mines, Sweden, yields coarse concentrates running 59% iron and fane con- 
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centrateSj mimiiig 45% iron. The cost of the magnetic treatment is 9.8 cents 
per ton, whereas hand picking of the same material cost 32.6 cents per ton, 
and 30% more concentrates are saved in the former case. For a machine to 
treat 5 tons of fine ore per hour, 1-J horse power is required to furnish the 
current, and ^ horse power to revolve the drum. For a small machine, 15 pounds 
of copper wire are required for each groove and a current of 10 amperes with 
35 volts is used. The drum makes 30 revolutions per minute. 

In using one of these smaller size machines at the Michigamme Iron Mines 
at Lake Superior, better results were obtained where the ore was sized previous 
to magnetic treatment. On stuff below ^ inch in diameter, it was found better 
not to feed on top of the drum, but rather to carry the ore to the separator by 
a belt on an inclined plane near enough so that the magnetic particles were 
attracted. The reason for this is that with fine material' it is impossible to put 
the stuff on the drum in a sufiSciently thin sheet to allow of a good separation, 
as the mineral and the rock ' overlying one another are bound together. The 



FIG. 463a. — LONGITUDINAL SECTION FIG. 4635. — CROSS SECTION. 

OF WENSTROM MAGNETIC SEP- 
ARATOR. 

greater the strength of current, and the greater the space between the ore and 
the drum, the richer will be the concentrates, and the cleaner will 1)(‘ the tailings 
Ore containing 52% iron and 0.221% phosphorus, when f(‘d ujxm the drum, 
gave concentrates which contained 58 to 60% iron and 0.215 to 0.180% phos- 
phorus, but when fed from a belt the concentrates conlain(‘d 67.07% iron and 
0.060% phosphorus. A few analyses of the products are givcm in Table 355. 


TABLE 355. PRODUCTS OF WENSTROM SEPARATOIL 


Mine. 

( ’i tide Ore. 

(’ II(M‘IltrMtHS j 

1 Tailings 

Iron 

Pf'rcf^nt 

Phosphorus 

Percent. 

In^rj 

Percent 

Phosphorus 

Percent 

Iron 

Percent 

Pho.sphorus. 

Percent. 

Beach Glen, New Jersey 

Chateaugay Ore & Iron Co., N. Y 

Port Henry, N. T., Witherbee, Sher- 

TY10T1 C^.r\ DaH 

.'jS 7S 
40.99 

j- 41.6 
59.1 

0.023 

61 m 

59.80 

64.0 

61.8 

0.006 

8.2.5 

1.62 

15.10 

14.3 


Ditto, Old Bed 

1.049 

0.847 

4.825 
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§ 581. The Buchanan Magnetic Sepakatoe. — This consists of two rolls AA 
01 iron which revolve on journals, carried on the ends of two horseshoe electro- 
magnets B (see Fig. 464). These are wound so that one roll is supported on two 
north poles, and the other roll on two south poles. The rolls are hollow and 
the space between them is adjustable. Ore is fed on top of each roll, and as the 
rolls revolve toward one 
another, the non-magnetic 
particles fall down through 
into the chute D, while the 
magnetic particles adhere to 
the rolls until they have 
passed out of the magnetic 
field, when they too fall off 
into the chutes CG. A brush 
or a scraper helps in this. 

A suitable arrangement of 
partitions allows a mid- 
dlings product to be made if 
desired. The circumferen- 
tial velocity of the rolls is 
150 feet per minute, and 
material up to 3 inches in 
diameter may be treated. 

A test on 773 pounds of 
Beach Glen ore, containing 
45.71% iron, yielded 535 
pounds of concentrates con- 
r lining 62.04% iron, and the balance, tailings, carrying 7.94% iron. The time of 
^ u'ninient was 3J minutes, which is at the rate of 6-J- tons per hour. Comparison 
wi'li jigs at the Croton Iron Mines gave the results shown in Table 356. 



FIG. 464. — CROSS SECTION OF THE BUCHANAN 
MAGNETIC SEPARATOR. 


TABLE 356. — CONCENTRATES OF CROTON IRON ORB. 



1 Buchanan Separator. | 

1 Buchanan Separator. 

1 Raw Ore. 

Concentrates. 

Tailings. 

Raw Ore 

Concentrates. 

Tailings. 

Iron, % 

37.968 

64.554 

13.207 

31.28 

62.56 

4.66 

% 

29.30 

5.350 

60 20 

3 . 5.60 

6 825 

58 05 

Phosphorus, % 

0 383 

0.060 

0.492 

0.271 

0 058 

0 527 

Sulphur, ^ 

0.522 

1.253 

0 924 

0.784 

1.320 

0.945 


Coarse Jigs 

Fine Jigs. 

Iron, % 

36.48 

58 78 

22.16 

36.48 

65 56 

14.81 



( L 129 



0.047 


Sulphur, jC 


0.83 



0 97 



A modified form used at the Hibernia concentrating plant had non-magnetic 
})(‘lls eoverijig the rolls instead of feeding the ore directly on the iron. The 
<'apacity of a separator at this plant was from 100 tons to 150 tons of raw ore per 
(lav. 

At Mill 90, a modified form treats ore which has passed through a trommel, 
varying from inch (6.35 mm.) to 20-mesh, and makes three products of which 
the middlings are re-crushed. The ore contains 25% iron and 1% phosphorus. 
The concentrates have 61% iron and 0.1 to 0.3% phosphorus. The tailings run 
from 11 to 17% iron. 

8 582. Siemens Magnetic Separator. — This is a hollow, revolving drum, 

*1, „ , T, • T . \ «-e 
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slightly less outside diameter than the iron discs. The discs are^ held together 
by a set of longitudinal iron strips which cover the whole cylindrical surface of 
the drum;, and are in contact with all the iron discs. Upon the periphery of 
the brass discs and beneath the iron binding strips, insulated copper wire is 
wound, the number of turns increasing from the head end toward the tail end. 
A pair of iron discs with the binders and the coil form a horseshoe magnet with 
its poles pointing inwards. By mounting this drum on an incline and passing 
ore through it, as in a trommel, the magnetic particles are attracted and carried 
to the top, where they are scraped ofE and removed by a conveyor, while the non- 
magnetic particles pass straight through. The drum is 1 meter long and 0.7 meter 
in diameter, and its axis is inclined 10° to the horizontal. It revolves 15 times 
per minute. Its capacity is about 1 ton per hour. In treating stuff containing 
60% magnetic oxide and 22% zinc oxide, it made concentrates containing 8 to 
12% magnetic oxide and 50% zinc oxide, and tailings with only 4 to 8% of 
zinc oxide. * 

§ 583. 'The Dellvik-Grondal Separator is shown in Fig. 465, in section. 

A revolving cylinder AB consists of rings of 
east iron with the spaces between containing 
the wires for the electric current which mag- 
netizes the rings so that the strength of each 
is a little greater than that of the one above. 
The cylinder CG is of wood studded with soft 
wrought iron pegs, a ring of pegs being 
opposite each ring of AB, This cylinder re- 
volves three times as fast and in an opposite 
direction from AB, 

The action of the machine is as follows: 
Pulp fed from the launder N, falls clown in 
front of the magnetic rings, its distribution 
being aided by the launders QQQQ, and the 
clear water pipe L, The non-magnotic par- 
ticles which escape the lowest ring pass off 
in the launder P. The magnetic particles 
stick to the cylinder and are carried around 
until they are adjacent to the wooden 
cylinder CG^ when the induced magnetism on the pegs cause's tlu' niagnetir* 
particles to hop over to the pegs, whence they either fall off or are washed 
off as soon as the revolution of the cylinder carries them out of the masrnetic 
field. The machine is especially adapted to the treatment of fine stuff bc'low 
12 mesh. 

As used at Pitkaranta, Finland, a machine treats about 45 tons per day of 
low grade magnetic iron ore mixed with sulphides of copper and zinc, 'and 
finely disseminated. The feed is below 1 mm. and seldom contains over 25%; 
iron, and often below 20%. The concentrates contain 65 to 71% iron, and 
the tailings run 1 to 1-J% magnetite. One-half of a horse* power is requirc'd 
to revolve the cylinders, and the magnets use 8 amperes with 35 volts. 

II. MAGNETIC SEPARATORS WITH CONVEYING BEl.TS. 

§ 584. Wetherill’s Magnetic Separators. — The leading idea of these ma- 
chines is to secure a very strong magnetic field by concentrating the lines of 
force as far as possible. This is done by placing the two poles of the magnet 
facing one another with a minimum air gap between them, and by bevelino- 

doTim flip tioIp -nipcpci at fViPir pti/Iq TBpco Tin Q /^In T* 4''r» .-V 1 • 1 



EIG. 465. — SECTION OF THE DELL- 
VIK-GRONDAL MAGNETIC SEP- 
ARATOR. 
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io the best of the author^s knowledge, commercially trea^d weakly magnetic ma- 
terials. Other machines had previously treated only natural magnetite, or iron 
ore that has beem changed to magnetic oxide by roasting. There are three forms 
of Wetherill separators used in Mill 92. 

§ 585. The Wetherill Parallel Separator . — (See Figs. 466a and 4666.) 
This form is used for the No. 1 separators in Mill 92. It consists of a flat 


AP. ^ 15 ? w 



FIG. 466a. — ^ELEVATION OF THE WETHERILL PARALLEL SEPARATOR. 



FIG. 4666. — ^PLAN ON AB. 


Eobins patent rubber conveyor belt C, 12 inches wide and 15 feet 4 inches 
long between the centers of the pulleys. This belt runs horizontally at a speed 
of 100 feet per minute, and the ore is fed upon it in an even layer about J 
thick. At a distance of f inch above the top side of the belt is the underside 
of a second belt D, parallel to the former and running in the same direction. 
This second belt is 16 inches wide, making it extend about 2 inches further 
to each side than the first. It runs at a speed of 125 feet per minute. Between 
the upper and under parts of the second belt are two electromagnets E ot 
horschhbc pattern, with the poles P facipg one another. The cores G 
soft iron and are inches long, lOf inches wide, and 2^ inches thick. 
arc wound with 950 turns of wire, carrying 6 to 8 amperes with 52 volts. ^ ihe 
polo pieces F are of soft iron, 7f inches long, 10| inches wide and 2i inches 
thick, and are placed | inch apart. The longest dimension of the poles is 
placed at an angle of 40° with the direction of the belts, so that particms 
lifted by the magnets follow the oblique line of the poles to the edge of 
upper belt, and then drop into a chute beyond the margin of th^ 
adds machine treats stuff that has passed through a trommel with holes 0.058 
iru'h (1.5 mm.), and the heads which are attracted against the second belt are 
c*loan franklinite and go to concentrates bins, while the tailings are sized for 
further treatment. The capacity of a single machine is about 30 tons in 24 


JiT-OU rs 

8 586 The Wetherill Horizontal Separator.— These are used far the 
N(i 2 3, 4 5 and 6 magnetic separators of Mill 92, treating five sizes of stuff 
ranffing Wm 0.058 inch (1.5 mm.) down to 0.01 inch (0.25 mm.). A machine 
is built double, as shown in Figs. 467a and 467&. The ore is fed from hoppers 
E bv feeders F over the chutes Q upon the canvas belts D, which run around 
the polished ends of the pointed pole pieces C. As the ore rounds these, the 
tailings or non-raagnetic portion, falls immediately into the reeeptacle L whi e 
the heads or magnetic part adheres to the belt a little longer, and finally 
into M Adiustable shutters H divide between the heads and tailings. The 
arrangement of the coils A and yokes B, are shown m the pkn. The 
adjustments are in the position of the shutters the speed of the canvas 
belts H the distance between the pole pieces, and the strength of the current 
in the rails The cores are of soft iron 8.6 inches long, 10| inches wide and 
01 inches thick They are wound with 950 turns of wire. The pole pieces 


806 


OBJEJ DRESSING, 


586 


are 15-J inches long, 10| inches wide and 2^ inches thick. This increased 
len^h. of the pole pieces over the width of the cores makes a total lateral ex- 
tension toward the other side of 4^ inches and making an air gap of 0.92 inch^ 
which may be increased or diminished. This gives a field of intense magnetic 
action 10| inches long and 0.92 inch wide, and it is in this space that the 



SCCTION THROUGH‘'a'* 


FIG. 467a. — SIDE ELEVATION OF THE WBTHERILL HORI- 
ZONTAL SEPARATOR. 



FIG. 4675. — SECTION THROUGH BB. 

whole work of the machine js done. The ends of the poles are beveled almost 
to edges, thereby forming a wedge with an angle of 27°, the tips of which are 
rounded with a radius of i inch. This is done for two purposes. First, the 
beveling concentrates the line's of force somewhat, and thereby makes a stronger 
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field. Second, it allows the ore to be delivered directly into the strongest part 
of the field. When a broad pole piece which was not of pointed form, was 
tried, it was found that the particles of weakly magnetic material started to 
drop at the upper edge, where the magnetic lines were further apart, and 
acquired so great a velocity by the time they reached the strongest part of the 
field that they dropped through the field without being caught. The layer 
of ore fed on the canvas belt varies from -J to inch thick. Three separators 
are pkced in series, the tailings of the first going to the second, and those 
of (he second to the third, and they make clean heads of franklinite and final 
tailings rich in willemite, 

which are further treated Hr^ “/”“T 

by jigs. The capacity of 2 — [ r \ 

the machine ranges from 
IJ to 3 tons per hour, and 

varies with the speed of '/N 

the belts, and the material 5 

treated. The current used |\ 

is 6 to 8 amperes with 52 1) 

volts for each of the first » ^ 

two magnets, and 22 am- o 1 ^ 

peres with 52 volts for the 
third. In some eases a 

single machine is used, cor- ' ^ 

responding to one-half the 

machine shown in Tig. 

4676. L M 

§ 587. WetherilVs In- 
clined Magnetic Separa- — — L±— 

tor* — double machine fig. 468a. — side elevation^ of the avetherill 
used in Mill 92 for the No. inclined magnetic separator. 

LgTuf'arstt pB f 

(0.25 mm.), is shown in n xt.. 

Figs. 468a, 4686, and 468c. j --J »■ '‘T 

The feeders G feed the ore ^ | | | |f M | l 

from hoppers T to the hori- 9 b | i b I i I 

zontal canvas conveying 9 | | | | ^ ! I || 

belt in a layer i to ™ lUlhi ^ 

inch deep. This belt, pass- I — - Jit: “«» 

ing over a wooden roller Jy 11 I III ' ,j n 

the height of which is ad- ||Mi || ® I j ^ i' i 

justable, delivers the ore as llll IH — - -r— 

nearly as possible to the Aj 

field of greatest strength. ■■ ■■ L 

The non-magnetie parti- ||||l ||p| 

eles pass over the pulW 468 &.— plan. 

J into the receptacle M, 

while the magnetic particles are attracted by the magnets against either 
of the canvas belts By which pass around the ends of the pole pieces and 
the pulleys E, in the directions indicated by the arrows. The magnetic par- 
ticles thus pass through between the poles, and those on the left hand belt 

• This and the two preceding: machines iiist de'?cribed as beingr used in Mill 92 have recently all been 
replaced bv a cross-belt machine, called the feowand magnetic separator, which is much like the Conklin g 
(see Fig 469) in principle, except that there are magnets both above and below the distributing belt and the 
poles are rounded, both of which changes give a stronger field. 
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FIG. 4686. — PLAN. 
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are conveyed away directly by it in a horizontal direction to the receptacle L, 
while those on the right hand belt cling to it and go up the slope of 54° into 
the weaker part of the field, when they tumble back and their momentum 
carries them to join the other particles on the left hand belt. The plane of 
each of the magnets is inclined 27° from the horizontal, and the plane of the 
upper magnet is 1.2 inches above that of the lower. The magnets are practi- 
cally two bar electromagnets, placed side by side, so wound as to bring opposite 
poles together. This makes a magnetic circuit with two air gaps in it, and 
each air gap is used for treatment. The cores are of soft iron 8.6 inches long, 
10|- inches widte and 2-J inches thick,, and are wound with 950 turns of wire A, 
carrying a current of 6 to 8 amperes with 52 volts. The pole pieces B, are 
15J inches long, 10| inches wide and 2J inches thick, the excess of width 
over that of the core being all on the inside, which cuts the length of the air 
gap down to about 0.92 inch. The pole pieces are made adjustable so that 
the length of the air gap may be varied. Other adjustments are: in the dis- 
tance of the feeding belt beneath the poles and the strength of the current in 
amperes. These machines differ from the preceding in that the magnetic par- 



FIG. 468c. — ENLARGED ELEVATION OF POLE PIECES AND 
BELTS. 


tides are lifted from their associates, which is more advantageous for the 
finer sizes, since the two discharging belts D are never smeared with gangue 
dust, which would be carried into the concentrates, while the feeding belt // 
is so smeared. They are mounted three in series, the tailings of the first and 
seeond^ being re-treated on the second and third respectively. They make eU'an 
franklinite heads and final tailings of willemite and zincite, which are also 
clean zinc ore. ^ Their capacity is 3^ tons per hour. Where a stronger field 
is required, a single machine is used. This is made by putting in a yoke in- 
stead of two of the pole pieces, which makes but one air gap in the circuit 
instead of two. This form, when used for hematite ore, requires 8 amperes 
with 22 volts to treat 1 1 tons per hour. To make a clean separation, the ore 
has to be passed through three times, or over three successive machines. 

§ 588. Results of Tests of Wethorill Magnetic Separators.— In addition to 
the work already mentioned in Will 92, tests have been made on various other 
ores. Clinton fossil hematite ores from the Birmingharti district, Alabama, 
when dried and divided into three sizes (through 8 on 15, through 15 on 40 
and through 40 mesh), gave results ‘shown in Table 357. ^ 
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TABLE 357. CLINTON" EOSSIL ORE. 



Percentage 
by Weight. 

Iron. 

Silicious 

Mattes. 

Original ore 

lOOjS 

4S.03jt 

25 20^ 

Heads 

m 

57.105^ ! 

IS.lOjC 

Middlings 

m 

46.20^ 

25 40^ 

Tailings 

15j< 

lO.OOjC 

70.80j< 


These results compare very favorably with those obtained by roasting the 
same ore to magnetic oxide, and then separating it by magnets. Other tests 
are shown in Tables 358 to 361. 

TABLE 358. — BROWN HEMATITE FROM IRON GATE, VA., ALLEGHANY IRON CO. 



Percentage 
by Weight. 

Iron. 

Sdica. 

Original Ore 

lOO.Oj^ 

43.08^ 

31.29j( 

Concentrates 

63.4^ 

51.04SS 

11.24j( 

Tailings 

6&M 

31.74^ 

66.00;^ 


TABLE 359. — ^BROWN HEMATITE ( WASHER-TAILINGS ) , BARREN SPRINGS, VA. 



Percentage 
by Weight. 

Iron. 

Silica. 

Original ore 

100% 

32.03% 

29.93^ 

Concentrates 

30% 

53.14$^ 

7.43% 

Tailings 

70% 

22.03% 

39.58% 


TABLE 360. — JIGGED ZINC ORE (LIMONITE AND CALAMINE) WYTHE LEAD & 

ZINC CO., AUSTINVILLE, VA. 



Percentage 
by Weight. 

Iron. 

Zinc. 

Original ore 

lOOjg 

18.60}« 

29.57j< 

Concentrates 

33% 

49.45% 

5.58% 

Tailings 

67% 

3.41% 

41.40^ 


TABLE 361. — MANGANESE ORE (CULLS FROM WASTE HEAP, CONSISTING OF PAR- 
TICLES OF CHERT IN A MATRIX OF SILICIOUS PYROLUSITE), CAVE SPRINGS, GA. 



Percentage 
by Weight. 

Manganese 

Silica. 

Original ore 

100^ 

28 78^ 

43 005^ 

Concentrates 

52^ 

40 91% 

•20.85% 

Tailings 

48^ 

15 54% 

67 20% 


§ 589. The Conkling Dry Magnetic Separator. — The principle of this 
is shown in Fig. 469. The ore is fed through the hopper upon the distributing 



FIG. 4G0. PRINCIPLE or TlfK CONKLING DRY M VGNETIC 

SEPAR VTOR. 


or conveying bolt, whioli moves in tlie direction indicat(‘d l)v the arrow. As 
it passes under the magnet, the magnetic particles are lifted up against the 
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underside of belts running at right angles to the distributing belt and are thus 
drawn to one side while the non-magnetie particles continue on and are deliv- 
ered over the end of the belt. The strength of the magnets and the distance 
between the cross belts and the distributing belt may be varied. Some results 
of tests by this machine on separating magnetite from gangue are given in 
Table 362. 

TABLE 362. — CONCENTRATIONS BY THE CONKLING DRY MAGNETIC SEPARATOR. 



Crude Ore. 

Concentrates. 

Tailings. 

Ore From 

Iron. 

Percent. 

Phosphor’s 

Percent. 

Iron. 

Percent 

Phosphor’s 

Percent. 

Silica. 

Percent 

Iron. 

Percent. 

Phosphorus. 

Percent. 

Port Henry, N. Y., New Bed 

53.80 

0.010 

70.80 

0.006 


21.00 

0.10 

Platt Mine, N. J 

62.04 

1.146 

70.29 

0.158 


Notdetenmned 

Not determined 

Mt. Hope Mine, N. J 

Lehigh Mountain, Pa 

58.00 

0.100 

79.47 

0.022 

1.27 

39.00 

0.088 

66.24 

0.005 


li 



§ 590. A Magnetic Separator used at Monteponi, Sardinia, is very similar 
to the Conkling Dry Separator. The poles of the magnet are bent around 
so as to come quite near together. The conveying belt is 20 to 50 mm. below 
the poles, and moves at a speed of 0.5 meter per second. The stuff treated 
varies from almost pure limonite (with 4% zinc), to stuff with almost no iron 
at all. The separator is applied to material up to 10 mm. in size after roasting. 
The current varies from 0.4 to 2 amperes with 10 to 50 volts. A single magnet 
treats 2 to 3 cubic meters of ore in 10 hours. This separator is now used in 
preference to the Ferraris separator (see § 578). 

§ 591. The Conkling Wet Magnetic Separator. — This differs from the 
dry separator in that the distributing belt is placed on an incline; there are 
no cross belts, and the magnets are placed beneath the belt, that is, between 
the ascending and descending side. Ore is fed upon the belt near the lower 
magnet. A stream of water running down the belt carries the non-magnctic 
particles off at the lower end, while the magnetic particles are held against 
the belt by the attraction of the magnets, and are carried up by the belt and 
over the upper end. There is more or less loss in the slimes carried off by 
the water. 

An average of seven months' work at the Tilly Foster Mine, in 1890, showed 
that out of 3,009 tons treated per month, 1,039 tons of eonoontrates w(M(‘ 
obtained, or 1 ton of concentrates from 2.89 tons of ore. The average total cost 
of milling per ton of concentrates was $2.25, of which $1.26 was for labor. 
The average cost per ton of raw ore varied from $0,189 to $0,253. The ])(‘r- 
eentage of iron in the raw ore varied from 24.96 to 28.57% ; that in iho vo >- 
centrates from 47.40 to 51.04%, and that in the tailings from 10.21 to 11.53%, 

§ 592. The Hebeeli Wet Separator in one of its forms is shown in Figs. 
470a, 470&, and 470c. It consists of a box filled with water, in which is llio 
belt BB moving over the pulleys cc', and the electromagnets in a wat(‘r tight 
case as shown. The ore, best below 30 mesh, is fed in with waicT at A; ilie 
non-magnetic particles fall down to the right of the deflector inio the hopper G 
and pass out through the magnetic particles are attracted against ihe belt 
and pe carried down by it until they are below the magnetic fic'ld when they 
fall into the hopper E and pass out through F. A machine with a lK*lt two 
feet six inches wide is capable of treating 35 tons of crmlo ore per dav. 

Edison Magnetic Separator for Pine Materials is us(‘d as No. *4 magmd 
in Mill 91, to treat the fine dust taken out in the dusting chamber. * As shovn 
i ^ Figs. 471a and 471b, there are three horseshoe magmds wilh poh's ]\i H T 
and D. The fine dust is fed by the hopper A in front of the lowest mao-net 7? 
which attracts the magnetic particles against the belt E while the non-mao-netic 
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particles fall doA\rQ. As the belt E travels upward^ the magnetic particles are 
worked in a zigzag course diagonally along the magnet thence along C and 
finally along B, which extends farther to one side than B or 0, and delivers con- 
centrates into the buckets E attached to the belt which carry them up over to the 
rear as shown. The zigzag course of the grains serves to eliminate particles 
which would otherwise be retained by the magnetic particles in stuff 
so fine as this. This separator yields magnetic concentrates which are a 
finished product, and tailings which are mainly apatite, and are sold for paint. 



FIG. 470a. — SIDE ELEVATION 
OF THE HEBERLI WET 
SEPARATOR. 



FIG. 470c. — HALF PLAN AND HALF 
SECTION. 



FIG. 4706. — ^VERTICAL CROSS SECTION. 
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FIG. 471cr. — 

FRONT ELE- 
VATION. 

EDISON’S SEPARATOR FOR FINE STUFF. 


FIG. 4716. — VERTICAL 
SECTION ON GIT- 


§ 593. The Kessler Magnetic Separator has been used to some extent 
abroad. It consists of a horizontal chain belt of iron, which at one end passes 
over a wooden pulley, and at the other end over one of solid iron. The latter is 
magnetized by an electromagnet. The chain is thereby made magnetic with 
strength diminishing toward the wooden pulley. Ore fed on at the iron pullev 
drops the non-magnetic particles immediately, the weakly magnetic particles next, 
while the strongly magnetic particles hold on until they almost reach the wooden 
pulley. 
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§ 594. A Magnetic Separator Formerly Used at Przibram, had a horizon- 
tal" belt which carried the ore along beneath two sets of electromagnets. These 
magnets were mounted on overhead wheels which ran on rails, and they had 
a reciprocating motion back and forth. When they were directly over the belt 
the current was on, and magnetic particles were attracted. Wlien they were 
at one side the current was otf and the load of magnetic particles was allowed 
to fall. Blende and siderite were roasted to zinc oxide and magnetic oxide and 
separated by this machine at the rate of 150 kilos per hour. 

§ 595. The Hughes Daviot Electromagnet, used at Laurium, in Greece, 
is suspended by a universal joint and is moved by hand over a pan of ore. When 
a load of magnetic particles has become attached to it, it is swung to one side, 





THE NO. 1 MAGNETS IN 
MILL 91. 
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FIG. 472?>. — vSKRTCH OF THE NO. 3 
MAGNETS IN MILL 91. 


the current cut off and the load dropped. This forms a ^piv-ic^s of liand sorting 
by the use of a powiM'ful control labb^ eloctroinagiiet. It lists 2 I to 3 am[)(‘res 
current with 40 volts. 


III. SEPARATORS WITH THE ORE FALLING FN FRONT OF MVGNETS. 

§ 59G. The Edison Magnetic Separator. — This is simply a ])lain liar (‘loctro- 
magnet before the poles of which the ore falls in a thin shoot, and the magnetic 
particles are thereby deflected to one side, while tlie non-magnetic particles 
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fall vertically. These machines are used for the IsTo. 2 , and 3 magnetic 
separators in Mill 91. The No. 1 magnets are grouped in sets of three, one 
above the other, as shown in Fig. 472a-. Each magnet is 12 inches long between 
the poles, 4 feet 6 inches wide and 4 inches thick. Cast iron is used for the 
cores, and in this ease is as good as wrought iron, since the cores are never 
saturated. The cores are wound with No. 4 copper wire, and the upper magnet 
of a set has the fewest turns and the lowest the most, thereby causing a propor- 
tional increase in magnetic force. The three magnets of a set are wired in 
series, but the different sets are wired in parallel. A set is supplied with 15 
amperes and 80 volts. One set treats 16 tons per hour of stuff which has 
passed through a 0.060-inch (1.52-mm.) slot, and carries 20% iron and 0.70 
to 0.80% phosphorus. This is nearly two tons per hour per foot of face of 
upper magnet. The tailings of the upper magnet contain 7% iron, and are 
treated by the middle magnet. The tailings of the middle magnet contain 2J% 
iron, and are treated by the lower. The tailings of the lower magnet, amount- 
ing to 55% of the original ore, contain only 0.8% iron and are waste. The 
heads of the three magnets contain 40 %• iron and go to the drier. 

The No. 2 magnets are wound and arranged in sets of three, like the No. 1 
magnets, except that the cores are 8 inches long between the poles, 4 feet 
6 inches wide and 3 inches thick. They are wound with No. 6 copper wire 
and a set uses a current of 10 amperes with 120 volts. Their capacity is ^ ton 
per hour per foot face of upper magnet. They are fed with the concentrates 
of the No. 1 magnets, after drying and re-crushing through a slot 0.020 inch 
(0.51 mm.) wide. The heads of all three magnets in each set contain 60% 
iron and go to a dusting chamber. The tailings of the lower magnet are waste. 

In the dusting chamber the fine dust is blown out, the percentage of iron 
in the residue being raised thereby to 64%. This residue goes to the No. 3 
magnets, arranged with five in a set, as shown in Fig. 4726. It will be seen 
that this differs from that of the No. 1 and No. 2 magnets in that it is not the 
tailings of a magnet but rather the heads, that are treated by the next magnet 
below. In this ease, the magnets are all of the same strength. The cast iron 
cores are 4 feet 6 inches wide, 4 inches long between the poles and 2 inches 
thick. They are wound with No. 6 copper wire, and a set uses a current of 
17 amperes with 100 volts. Their capacity is 400 pounds per hour per foot 
face of upper magnet. The tailings of the upper magnet are waste, while those 
( r the other four are sent back and put with the main stream of ore to be re- 
crnshed. The heads of the lowest magnet contain 67 or 68% iron and are 
finished products. 


ROASTING FOR MAGNETISM. 

§ 597. This is used to s^mie exierit upon ores containing iron which in their 
natural stale are only weakly magnetic. By submitting them to a preliminary 
roasting, they become strongly magnetic and readily separated from their gangue 
or From some oiher valiialib' inincral. as IIk' ca.s(‘ l)(‘. 

The only strongly inagneh'i* oxid(‘s of iron which can be produced for mag- 
netie vsepa ration are, aeeording to Wedding", Fe,0^ and Fe^.O^. FooO,, is only 
weakly rnagnelic* and FeO ('annot be produced in practice. There are three 
m(‘ihods of elianging weaklv magnetic iron ores into the magnetic oxides: 
(1) Simple hc'aling at a high hmiperature expels some of the oxygen from 
Fe.O, leaving Fe.O^ or Fe^O-. Thi^i is applicable to hematite and liinonif* 
ores, the heat also driving off anv combined water that may be present. It i'? 
expensive for fuel, however. (2) Reduction at a rod heat by means of solid 
carbonaceous matter or by reducing gases, usually hydrogen and carbon monoxide. 
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This is the commonly used process on hematites and limonites. (3) The decom- 
position of FeCOg by heat, COg being driven off. This is applicable to spathic 
iron ores. It is not possible to get FeO in this way, since some of the 0 of the 
COg combines with the FeO and forms Fe 304 or FegO^. In the last two of the 
above cases the air must be kept ont, since the oxygen of the air readily reacts 
with Fe 304 and FegOy to form FogOg, thns undoing all the work. 

Of sulphide ores, pyrite (FeSo) is only weakly magnetic, while pyrrhotite 
(Fe^Sg) is strongly magnetic. By roasting pyrite under oxidizing conditions 
it is possible to drive off some of the sulphur as SOg and leave the magnetic 
sulphide. There is a tendency for some iron to be oxidized at the same time, 
however, which makes the process hard to regulate, unless some carbonaceous 
matter is added near the end of the roast to act as a reducing agent. 

In roasting it is best to have the ore of a uniform size, in order that it may 
all be treated uniformly. Too coarse ore takes too long to treat. Too fine ore 
is hard to treat, owing to difficulty of passing gases through it. The best fur- 
nace for coarse ore is a shaft furnace gradually enlarging downward to allow for 
expansion of the ore and thereby give room for upward passage of gases. For 
fine ore a hearth furnace is required. 

This process of roasting was tried on Alabama hematite ores by William B. 
Phillips.^® He used a modified Davis Colby shaft furnace. The magnetization 
had to be very carefully performed in order to successfully reduce a lump all the 
way through and still prevent incipient fusion on the surface. The best size for 
treatment was found to be about 2 inches in diameter and the average tempera- 
ture used was 1,100° F. The average ore contained 45% iron and 30% silica, 
and the concentrates obtained after roasting, crushing and magnetic separation, 
contained 58.9% iron and 11.5% silica. 

§ 598. At Allevard, France^®, there is a plant which roasts spathic iron ore on a 
commercial scale. Shaft furnaces are used, one of which yields 25 metric tons 
of roasted ore in 24 hours, using 30 kilos of coal in the gas producer for each ton 
of ore roasted. A temperature of 1,000° C. is used. The ore loses 28% in weighty 
2% of carbon dioxide remaining in the roasted ore. This is a case where roast- 
ing and magnetism are employed merely to save the iron, but as a rule, tlio proc- 
ess is too costly for simple iron ores, and is used only where the ore contains some 
other valuable mineral besides iron. The following instances are given of this 
latter case: 

Mill 93 roasts tailings of jigs, containing limonito and smilhsonite ranging 
from 6 mm. to 0, in common reverberatory furnaces, with grates 20 by 84 inclu's 
and hearths 7 feet wide and 8 or 9 feet long. The ore is heated to redness and 
then the limonite is reduced to magnetic oxide by the addition of fine eoal to i(. 
The charge of ore is 12,000 pounds; and of fine eoal 1,200 pounds. Idie eoal 
burned on the grate is 4,480 pounds per charge. Sixty rninuh's is rec|nir(‘d io 
bring it to redness and sixty more to effect tlie reduction. Tlie ore is then (‘ool(‘d 
and separated by Payne separators. In nine months 1,415 tons produ(‘(‘(l 075 
tons of heads carrying 50 to 55% metallic iron, and tailings, whi(4i eontairuMl 
most of the zinc and only 4 to 0% iron. 

Mill 92 formerly employed a similar process Indore using the W(‘th('rill ])roe(‘ss. 

Tests have been made on tailings of Leadvilh*, (^)lora(lo, mills ('oiifaming 
pyrite and blende which cannot be separated by jigging. Sonu' of tlu' Anchor 
mill ore, containing galena, pyrite, blende and gangin', was h(‘at(‘d in an iron pan 
in a muffle at a low red heat until all the flame of burning sul[)hur had disaf)- 
peared. After cooling. th(‘ magnetic material (sulphide of iron, F(‘S) was r(‘- 
moved by a magnet. The non-magnetic material was panni'd to make lead con- 
centrates and the residue panned again to make middlings (zinc ore) and tail- 
ings. Eesults of a test by James W. Neill are given in Table 303. 
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TABLE 363. — ^TBST OF ANCHOR MILL ORE. 


Material. 

Percent 

of 

Total 

Ore. 

1 Silver. 

1 Lead. 

Gold. 

1 Zinc. 

Assay in 
Ounces 
per Ton. 

Percent 

of 

Total. 

Assay 

in 

Percent 

Percent 

of 

Total. 

Assay in 
Ounces 
per Ton. 

Percent 

of 

Total. 

Assay 

in 

Percent 

Percen 

of 

Total. 

Original ore 

100 

12.5 

22.0 

26.0 

25.0 

15.4 

18.0 

84.6 

11.8 

5.8 


14.6 

100 

Trace. 

0.06 

100 


100 

4.1 

20.8 

65.1 

20.0 

Magnetic concentrates 

Lead concentrates 

67.0 

8.5 

86.5 

15.3 


Middlings 



Tailings 








85.5 


93.2 


101.8 




100.0 


In this work the non-magnetic particles still contain all their sulphur and ar( 
not desirable for smelting. Gouyard®^ has tested such ores by roasting them dowr 
to 5 or 7% sulphur, getting most of the iron into the form of sesquioxide anc 
then reducing it to the magnetic oxide. This requires a higher heat, and mor( 
of the lead goes with the magnetic portion than in the former case. 

Ellis Clark^^ reports the separation of spathic iron ore from zinc blende a' 
Przibram by roasting the ore (not over 1 mm. in diameter) in a small oven for ai 
hour, and then sending it to a magnetic separator. 

At Monteponi, Sardinia,^^® a large amount of spathic iron ore with carbonah 
and silicate of zinc, which had accumulated in wet concentration, is being workec 
up by the roasting and magnetic process. The ore is first mixed with 2% fim 
coal and heated to such a degree that the iron oxides contained are reduced suffi 
ciently to become magnetic. It is then sized and separated by a magnetic sepa 
rator (see § 590) into iron ore, zinc ore, and middlings to be roasted again. Tb 
furnaces used are of the revolving cylinder type, 32 feet 9 inches long, and 3 fee 

3 inches inside diameter. Each furnace treats 12 tons in 24 hours, burning \ 
tons of coal. The raw ore contains 26% zinc and 10% iron. The zinc concen 
trates contain 45% zinc. The concentration is a little over 3 tons of ore int( 
1 ton of zinc concentrates. 

At Friedrichssegen, Ehenish Prussia,^® the ore from hand picking, containini 
spathic iron and zinc blende, ranging from 40 to 120 mm. in size, is roasted t( 
magnetic oxide in shaft furnaces with fine coke. A furnace treats 8,000 kilo 
per day and uses only 50 kilos of fine coke, the remainder of the heat being fur 
nished by the sulphur in the ore. The roasted product is clashed to 5 mm. an( 
sent to a magnetic separator. Ore from the washing wbien is below 6 mm. i 
roasted in reverberatory furnaces for about 14 hours. Two furnaces in serie 
treat 18 to 20 tons in 24 hours. The roasted product is all crushed througl 

4 mm. and separated magnetically. The magnetic machines make iron ore 

which is a finished product, zinc ore, which has^'sSdrbld’^'f its gangue removed b’ 
washing, and middlings, which are re-treated. results of the magnetic treat 

ment are to treat 24 tons of roasted ore cont^ijHn^f to 15% zinc and 20 to 2295 
iron, and make 7 to 8 tons of zinc ore contai|lj^ng zinc and 16 to 18 tons o 
iron ore containing 36 to 38% iron and IQ^^wanganese. 

At Maiern, Austria, the problem a^jne^i^th^ of treatment are similar f 
Friedrichssegen. ^ 

At Svarto, Sweden,®® magnetite ore^feiniW percentage of phosphoru 

is crushed to 1 mm. and separated iftaOTet^iiV The iron ore obtained goes t 
market. The non-magnetic pari is'Waiifi^d^'m remove the apatite, which is mixe( 
with sodium carbonate and There is really no roasting fo 

magnetism here. The furn^c^ a^e^^^o^l^^in working up the apatite. 

Pneumatic Concentration. 
nr fTYmria 

§ 599. Air may be used much i^r the*8aine way as water, as a medium for sort 
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ing grains of ore into grades according to their settling power. The conditions 
•which point to the use of air for concentration are : ( 1 ) the removal of dust from 
natural or pulverized stuff by a blast of air; (2) the treatment of placer gold or 
ores in general, in districts where there is a scarcity of water. 

There are three chief classes of apparatus for separating ores, that depend upon 
air as a medium : 

I. Those using a continuous blast of air which acts on the particles and yields 
graded products. 

II. Those which project the ore particles through air by a force other than an 
air blast, the heaviest grains going farthest, the other grains being graded accord- 
ing to their momentum. 

III. Air jigs, or those which subject the ore in a bed to a series of upward,, 
intermittent pulsations of air, the lighter particles rising to the top layer, the 
heavier particles settling beneath in the same manner as in the hydraulic jig, 
when run without suction. 


I. AIR CONCENTRATORS USING A CONTINUOUS BLAST OF AIR. 

§ 600. Edison Dusting Chambers. — In Mill 91, a horizontal blast of air, 
under a pressure equal to 6 inches of water, is used to remove the finer, lighter 
portion of the gangue from the magnetic concentrates of the No. 2 or 8-inch mag- 
nets. These concentrates have been through a slotted hole 0.5 mm. wide, and con- 
tain magnetite, with apatite and fine calcium sulphate as chief impurities to be 

removed. They run 60% iron. 
The blowing apparatus (s<‘e Fig. 
473) consists of three wide 
nozzles, /). F, 0, delivering air 
streams 72 inches wide and 1 
inch thick. They are placed one 
above another and connected to 
the sam(‘ fan K. The ore is fed 
in front of the upper nozzle bv a 
hopper A , a wide flue B, and by 
three little shelves (/, called 
chokers, which break the force of 
descent and deliver the stream di- 
rectly in front of the jet D. A 
large portion of th^ dust hs blown 
FIG. 473. — ^Edison’s dusting chamber. chamber F, while 

, ^ , th(‘ li(‘avv mat(Tial passe^; down- 

ward. In like manner it passes the other two jets F and losing some dust in 
front of each. The apparatus makes two products, the h(‘avy which runs (;i% iron 
and IS mostly ma^etite, and the liglit whieli is apatite and cah'iurn sulphates with 
some fine magnetite. TIhe heavy product goes to the No. 3 or the 4-inch magnets, 
While the light goes to No. 4 magnet. This blowing is for two purposes- ( 1 ) to 
make clean heads by blowing out the apatite, and (2) to enable tlie No. 3 or 
finishing magnets to work more freely. The calcium sulphate comes from tli(‘ 
water, which contains 120 grains to the gallon. When dried, it forms an elasti(- 
coating on the grains, and sticks tiny grains of gangue dust to tlie oro To re- 
move this the drier preceding the No. 2 magnets is lieati'd to 2()0"F., by which 
means the coating becomes brittle, is broken off in transit, and readily blown 
away. 

§ 601. The Hoctistedt Apparatus, shown in Fig. 474 is of this olas« Tt i.« 
used at the Eheinpreussen Colliery at Homberg on ihe Ehine, f.,r blow’in<r the 
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oust out of coal. The fine coal (7 mm. to 0 in diameter) is spread out and fed 
evenly by a roller feeder over a width of 2 m. A jet of air, A, 2 m. wide and 
0.1 m. thick, from No. 1 fan blower, directed upward at an angle of about 32°, 
blows through the falling sheet of particles, removing the fine stuff. The air blast 
then passes up a branch discharge flue, B, inclined upward at an angle of 50°, 
and any particle that is heavy enough to fall out of the air current can do so 
and return to the heavy product. The rest goes over to dust chambers E. The 
falling sheet of particles passes by a second jet, 4 m. wide and 0.04 m. thick, 
furnished by No. 2 blower, and has the remaining fines taken out and sent 
through a second branch discharge flue, to the same dust chamber, E, from the 
outlet of which the air for the fans is drawn, thus making a continuous circuit. 
The fine coal is 30% of the whole and has a maximum diameter of 2 mm. The 
dust chamber costs $750 and the fans $600 each. The apparatus treats 500 tons 
of coal per day at a cost of 5 J cents per ton. 



FIG. 474. — SECTION OF THE HOCHSTEDT APPARATUS. 


At the St. Ijouis floor of the Anzin Company there is an apparatus very similar 
to the preceding. 

Air has been used to some extent in this country for blowing dust out of coal. 
It is particularly advantageous to remove the dust before washing coal, as the 
oust hinders the washing of coarser sizes, increases the percentage of loss and, 
adhering to ihe washed coal, prevents it from drying quickly. 

Air is used in dressing asbestos at Thetford, Quebec,^ where rock that has 
been reduced in a Cyclone pulverizer, is passed over an 11-rriesh shaking screen, 
and from the oversize of this screen, tlu‘ fibrous portion is drawn away from tin* 
sand by an air current. There is a cover extending about two-thirds of the wav 
from the upper to the lower end of the screen, and an inv<Tted funnel, which con- 
nects with a suction fan, covers the lower end. The fan delivers the fibres into 
a settling chamber, the outlet of which is covered by a fine screen. 

§ 602. Classifier at Engis. — At Engis a horizontal covered box 8 m. long and 
0,4 m. square, had a hopper on lop at one end which dropped the ore in a regular 
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stream in front of a horizontal blast of air. The graded products were caught in 
a series of hoppers in the bottom of the box. The final dubt was settled in a dust 
chamber. Its capacity was 25 to 27 tons in 12 hours. The apparatus was found 
to be very susceptible to slight changes in the pressure of the blasts which caused 
considerable change in the products and injured the classification. It was, there- 
fore, given up at this place, although similar forms are used in certain places. 

§ 603. A Pneumatic Belt Concentrator was tried at the mill of the Him- 
melsf first mine in Saxony. It consisted of a horizontal endless belt, 1.91 m. long, 
480 mm. wide, moving with a velocity of 110 mm. per second. Blasts of air were 
delivered across it from five fiat tuyeres, each 250X65 mm. in section. 
They were placed 350 mm. from center to center. The five tuyeres blew off 
products which were caught separately. The sizes most satisfactorily treated 
on this machine were between 0.5 mm. and 1.5 mm. in diameter. On stamp 
stuff passing through 1.5 mm. and resting on 1 mm., results are reported as shown 
in Table 364. 


TABLE 364. — ANALYSES OF PRODUCTS OF PNEUMATIC BELT CONCENTRATOR. 



Amount of Material. 
Percent. 

Silver. 

Percent. 

Lead. 

Percent. 

Sulphur. 

Percent. 

Zinc. 

Percent. 

Feed 

100.00 

0.085 

27.5 

7.8 

4 

Product from first and second tuyeres 

42.63 

0.073 

4.5 

3.4 

3 

Marketable galena 

24.59 

0.162 

71.5 

15.1 

3 

Marketable galena 

8.20 

0.280 

41 5 

14.8 

5 

Middlings 

24.59 

0.115 

9.5 

7.3 

5 


1 he results, however, did not warrant its adoption. 

)iB^s Separator has a horizontal disc, D, revolving 
at high speed (see Fig. 475). Upon this in a 
steady stream from tbe hopper, C, is fed the dry 
ore to be separated. Th(' particles are thrown out 
radially in a horizontal direction, but are stopped 
by an enclosing vertical, truncated cone, expand- 
ing slightly downward, which surrounds the disc. 
In the annular space between the disc and the 
cone is an upward current of air induced by fan 
blades, A, revolving with the disc. 'This current 
lifts the lighter portion and discharges it in an 
outer chamber, E, while the heavier particles fall 
in an inner chamber, If, After having dropped its 
charge, the air returns from the outer to the inner, 
as shown by the arrows, it being distributed to the 
pulp by the perforated plates, G, and acts over 
again. It is made in three sizes, 3^ to 6 feet in 
diameter, and they treat from 1 to 4 tons per hour. 
The advantage lies in its compactness for fierforrn- 
ing the duty of a screen, separating fine dust from 
coarser material. Two hundred are* in use in 
England and America. 

ARATOR. 

II. AIR CONCENTRATORS WIIICTI PROJECT TTTE PARTICLES BY A FORCE OTUER 

TITAN AIR BLAST. 

§ 605. The Pape-Henneberg Separator (sch' Figs. 476a and 4765) consists 
of a large pan 6 m. in diameter, with a series of concentric troughs, c. Suspended 
freely over the center of the pan is a disc 450 mm. in diameter, which revolves at 
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the high speed of 3,000 revolutions per minute. Over the revolving disc is 
stationary disc or cover, b, 2 m. in diameter. Particles of ore from the two hop 
pers a and are fed near the center of the revolving disc and are thrown ou 
radially by centrifugal force with high velocity against an inflowing current o 
air, which comes in all around under the edge of the stationary disc and is draw 



FIG. 476a. — PERSPECTIVE OP PAPE-HENNEBERG SEPARATOR. 


out through a central orifice, 2^, under the revolving disc, by a suction fan, am 
discharged to a dust chamber. The air takes out the fine dust. The other parti 
cles which are able to resist the air current, fall into the concentric troughs 
Those with the most momentum go to the farthest trough ; the others are gradec 



FIG. 4766. — VERTICAL SECTION OP SEPARATOR, 4,000 MM. INSIDE DIAMETER. 


in the different troughs according to their momentum. Those are sorted, product 
analogous to those of a hydraulic classifier, the outer trough containing th 
coarsest product corresponding to the first spigot, and the exhaust containing th 
fine dust corresponding to the slime overflow. Each of the troughs has a cros 
Slit at one place in the bottom. Revolving arms, d, with scrapers for eacl 
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trough serve to bring the ore to the slits. The outer trough yields pure concen- 
trates; the products from the others are sifted, and yield fines, which are con- 
centrates ; coarse, which are waste ; and middlings, which are re-treated dry or, 
better treated wet on tables. The fine dust is also best treated wet on tables. 
The various adjustments are : the speed of the disc, the velocity of the air current 
and the rate of feed. The disadvantages are that ore must be crushed fine, 
1 mm. to 0.85 mm., which causes much dust. This fine stuff if taken out is not 
satisfactorily treated on any existing machine; if not taken out, it contami- 
nates all the other products. The power required is 3 horse power for the ma- 
chine and 2 horse power for the fan. The capacity is 1,800 to 2,700 pounds per 
hour. Plants have been erected in Sweden, in the Urals, and one has been built 
for China. 

§ 606. The Clarkson-Stanfield Patent Centrifugal Separator is much 
like the last. It has four troughs for catching the products. It has radial grooves 
in the revolving disc and this disc is covered by another disc, so that the particles 
iire forced to travel outward through the grooves. Its feed is sized very* closely 
beforehand, using in one instance 30-, 35-, 42-, 50-, 70-, 90- and 120-mesh 
sieves. The fine dust is not sent to the machine ; the other products are treated 
one at a time, with the proper speed, and yield : heads in the outer troughs, mid- 
dlings in the next troughs and tailings in the inner troughs. It has been in- 
stalled at the Cam Dochan mine in North Wales, where over 80% extraction is 
obtained by the process, also at the Prussian mine in Boulder County, Colorado. 
One man can tend three or four, or even five, machines, each treating IJ tons per 
hour. Australian tailings, assaying 7 to 8 pennyweights gold per ton, yielded on 
a test at one operation: First-class concentrates, assaying 7 ounces, 16 penny- 
weights, 9 grains gold per ton ; second-class concentrates, assaying 2 ounces, 12 
pennyweights, 6 grains gold ; and tailings, assaying 1 pennyweight, 7 grains gold. 

A CENTRIFUGAL MACHINE SEPARATING COAL is used at the Queen Mary Colliery, 
Lannisdorf. It includes the revolving disc, the annular trough and the air suc- 
tion,^®^ 


HI. AIR JIGS. 

§ 607. The Hooper Pneumatic Concentrator. — The Perfected Hooper 
Pneumatic Concentrator, which is the modern form of the old Paddock Air J[r,, 
substitutes air for water as a pulsating medium for effecting separation. 

Following are the essential features of the machine (s(‘e Figs. 177<7 and \77h). 
Through the chamber A runs a rectangular diaphragm n. Thi^ diaf)hragni is 
composed of an outer rim of leather, the sides of which an* Hrmlv bolted l)(dwe(*n 
the upper and lower sections of the air chamb(*r. Within llie (diaml)(‘r tiu* I(‘atlH‘r 
is firmly attached to a strong wooden frame, h, which is divid(‘d hv transver'-o 
wooden braces c. Between these braces, and atfacdicd to them, an* two nihher 
flaps resting upon a sheet of perforated metal. The diapliragm is ('onn('(d(‘d to 
two eccentric boxes, B, in which revolve a fix('d eccentric atta(da*d to the woikinir 
shaft C, each eccentric being cased bv a loo^e e(((‘ntric ^Ic(‘V(‘, d, which c-arj fa* 
adjusted and held by a set screw, c, allowing a throw of I 1<> 1 1 inches A mov(‘ 
ment is thus communicated to the diaphragm which (lis(‘harg(*s at each n'volnliori 
an air blast to the chamber A, whicli bla^^t th(*n r>a'»*'(‘s through tin* dia- 

phragm 0, also arranged with rubber flay)s, and is dis(harg(‘d througli ifa* graled 
sieve, g, upon a broadcloth bed, /*, stn*t(hed ov(*r sanu*. Ih‘siing ufion the broad- 
cloth bed is the concentrating top whicli consists of two ^(‘ts of guid(‘ strips, run- 
ning diagonally to each other and at angles of 30° to 15° witli tin* side of 
the frame. The lower set of strips, [T, are of bras*., inch tliick. ! lo } inch 
hioh and •''» to 1] inches apart, depending upon the* matrui.il to fa* tri'.iled ddie 
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upper set of strips, I, called skimmers, run upon and diagonally across the lowe 
set. They are also of brass, inch thick, 3 1 inches high and f to | inch apart 



PIG, 477a. — ^PERSPECTIVE OF THE HOOPER PNEUMATIC CONCENTRATOR 



FIG. 4776. — ^LONGITUDINAL SECTION. SCALE — % INCH = 1 FOOT. 

These upper strips terminate 2 inches from the loft or discharge side of the to 
for a distance of 23 inches from the di'-chargc end, thus leaving a free discharg 
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channel, E, for the gangne or tailings. The concentrating top may be removed 
from the concentrating bed at will. Any desired vertical or lateral inclination 
of the concentrating bed is obtained by means of a universal joint, E, which is 
held in the desired position by means of two clamps situated at opposite sides of 
same, as shown at h. The maximum inclination toward the discharge side is 11° 
and that toward the concentrating side 5°, depending upon tne character of the 
ore being treated and the mesh to which it has been sized. As a general rule the 
larger the mesh and the heavier the mineral, the greater the inclination in both di- 
rections. The crushed ore, after being closely sized, is fed from a hopper (not 
shown) placed at the head of the concentrating bed. This hopper is adjustable in 
position and it is provided with small sliding gates, by means of which the flow is 
adjusted. 

It will be evident from the foregoing that when crushed ore, composed of par- 
ticles of different gravities, is fed upon the concentrating bed, the pulsations 
through the broadcloth, due to the blasts before described, cause the heavier min- 
eral particles to be thrown to the bottom, where they settle down between the 
lower metal strips and are thus guided toward the concentrates side of the table, 
the lighter or gangue material being thrown to the top where it is subjected to suc- 
cessive skimming actions by the upper set of metal strips and thus guided in the 
opposite direction toward the tailings side of the table. After the bed is filled to 
an even depth of to f inch and the resulting products of concentrates, middlings 
and tailings begin to flow regularly and smoothly over the discharge end of the 
table, they are guided to any point of disposition by means of wooden guide 
strips, F. It is found that the various minerals contained in an ore classify ac- 
cording to their specific gravities, the heavier mineral, being interrupted in its 
flow by the side of the concentrating top, is spread out in a well defined strip by 
the action of the upper skimmer, the next heaviest taking its place beside it, etc. 
There is therefore a distinct separation of all the minerals should there be 
sufficient variance in their specific gravity. 

To obtain the best results the ores treated should be below 2 mm. and should be 
closely sized, say through a 20-mesh screen on a 30-mesh, through 30 on 40, 40 
on 60, 60 on 80, 80 on 120 and 120 on 250. Of course, when there is consider- 
able variance between the mineral and gangue, close sizing is not so important. 
The speed of the machine varies from 350 revolutions per minute in the case of 
coarse material to 450 for fine. This variation in speed is obtained by means of 
cone pulleys. The stroke or force of air is varied by the length of eccentric throw 
by adjusting the eccentric sleeves before described. The greater the throw of these 
eccentrics th^ stronger the air blasts. The heavier the material treated the heavier 
the air blast required. All machines are now supplied with an adjusting device 
by means of which the throw of the eccentrics may be altered at will without 
stopping the machine. The capacity of the machine varies from 9 to 16 tons p(‘r 
day of 24 hours, according to the character of ore treated, and the horse power 
required varies from 1^ to 2. 

When the ore is closely sized, it is claimed to separate minerals which difl'cT 
only one point in specific gravity and even less. A test of a fluorspar ore c-arry- 
ing lead and 67% zinc yielded in three successive tests 9^1%, 97% and 91% 
extractions respectively. 

The old Paddock jigs were run for five years at the Frisco mill, TTiah, on ore 
containing limestone, quartz, dolomite, heavy spar, galena, silver, etc*., Fmm the 
Carbonate mine, treating thirty tons per dav, concentrating four into one. Tlie 
ore was closely sized and the coarser middlings re-treated. An averatm day’s 
work on Juno 20, 1881, is given in Table 365 to show what the inadiines 
accomplished. 
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TABLE 365. — ^ASSAT OE PADDOCK JIG PRODUCTS. 


Size of Feed. 

Feed. 

Heads. 

Middlings. 

Tailings. 

Lead. 

Percent 

saver. 
Oz. per Ton 

Lead. 

Percent 

Silver. 
Oz. per Ton 

Lead. 

Percent 

Silver. 
Oz. per Ton 

Lead. 

Percent 

saver. 

Oz. per Ton 

lO to 20 mesh 

20 to 35 “ 

35 to 60 “ 

50 to 80 “ 

80 to 110 “ 

14.8 
7.3 
8.0 

11.4 

9.9 

16.8 

32.66 

21.28 

25.08 

38.34 

28.72 

42.14 

22.0 

41.9 

33.3 

56.5 

48 4 
49.7 

60.60 

108.39 

83.41 

186.20 

146.30 

160.70 

4.5 

4.7 

8.60 

15.80 

Trace. 

(1 

Trace. 

0.58 

2.18 

Trace. 

110 to 140 “ 








Be-treating Middlings. 

20 to 35 mesh 

35 to 50 “ 


8.G0 

15.30 

27.0 

41.0 

72.03 

100.08 



Tr^e. 

Trace. 

0.87 


John Heard, Jr., found on antimony ore through 24 on 60 mesh that the fol- 
lowing adjustment did the best work: strokes per minute, 540; length of stroke. 



inch; length of jig bed, 30 inches; amount fed per hour, 1,460 pounds; slope 
from feed end to discharge end, 7° ; slopes from tailings side to concentrates side. 
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2° ; by strict attention to adjustments, he was able to obtain a better concentration 
than had been made in the wet way on the same ore. 

The machine requires not only that a constant rate of feed be maintained but 
that the per cent, of concentrates should be constant. Otherwise it will send con- 
centrates into the tailings or tailings into the concentrates both of which can 
be averted only by constant watching and adjustment. One man can tend six 
machines. 

The modern form of this jig is used successfully to-day for graphite and garnet 
and is advocated for other separations. 

§ 608. Ksom's Pneumatic Jig. — (See Pigs. 478^^, 478& and 478^;.) — This ma- 
chine consists of a swinging door blower, B, with check valves to prevent the down- 
ward passage of air, conveying rapid pulsations of air into the tubes f, ^ inch 
wide, of sieve cloth, through the sides and tops of which it is discharged, passing 
up through the bed 0, and effecting the separation between the heavy mineral and 
the gangue. These gauze tubes, are open at the end to the blower to receive ihe 
wind, and on the under side to prevent them from choking with fine ore. They are 
placed at f , or ^ inch apart, according i;o the grade of ore treated, — ^the 

finer the nearer. The ore is fed in through a hopper, H, passing under the 
adjustable gate, Q, forming a jigging bed, 0, and discharging tailings over the 
adjustable tail toward A. The concentrates, which completely fill the hutch, C, 
settle slowlv and are discharged by the regulated roller, R, The swinging-door 


,;:iinnnr;[;i],nri 

rio. 478 &. — SECTION OF ORE 
BED AND 8IEVF. 


\\ i iin (ill 111' 




FIG. 478c. — pl4n of sieve. 
blower is actuated by a cam on the shaft, K, with six projections which give the 
downward motion through an arm on the shaft, I, a spripg which gives it the 
quick upward pulsion, and an adjustable strap which limits the amount of pul- 
sion. Upon the cam is an adjustable crank pin which serves as a pivot for a 
pawl acting upon a ratchet wheel to drive the discharge roller, R. The roller, 
therefore, acts in concert with the blower. The distance the ore travels from the 
gate, 0, to the tail, A, is only five inches ; the width of the bed is 4 feet. The 
machine is run with 420 to 500 pulsions per minute. It treats i ton per hour, 
using i horse power. 

It appears to be necessary, according to theory, to size the feed more closely 
than for a hydraulic jig. The inventor claims, however, that tests show that this 
is not true. The coarsest size claimed as capable of being treated by this machine 

,*« 1 A r\ — 1 - mi. i 


Lin in practice with 
roughers make for 


IS 6 mesh, and the finest size is 140 mesh, the machined are nli 
two successive treatments, iJhe roughers and the finishers; the 1 
clean tailings and the finishers for clean headings. i 

a.,vo Nevada, 66,800 pounds of ore from the DeSoto mine, assaying 

• m making a total value of $2,413.81, yielded results shown 

in iable 366. 


TABLE 366. — PEOnnOTS FROM KROM JIG ON DESOTO ORE. 


No 1 mineral 

No 2 mineral 

No 3 mineral 

Dust 

Total vrith dust 

Total without dust. 


' mount 
Pounds 

Value per Ton 

1,013 

$722 71 

1,092 

1,187 57 

515 

1,201 54 

11,998 

138 17 

14,618 

293 98 

2,620 

1,007.47 


Total Value 


$366 04 
648 40 
(a) 805 35 
828.88 
2,148 67 
1 319.79 


(a) There is a slight inconsistency in the values on this line hut nn 4 . ' ‘ 

does not aflfect the result appreciably. ’ available to correct it, and it 
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Where the dust was put with the concentrates the extraction was 89.05%. If, 
however, it is not, the extraction is only 54.70%. It is clear that the dust could 
not be put with the concentrates except when it was rich. 

In the same mill, 3,260 pounds of silver ore from the Seminole mine, assaying 
$4.84 per ton, making a total value of $7.88, yielded products as shown in Table 


TABLE 367. — KROM JIG RESULTS ON SEMINOLE ORE. 



Amount of 
Product 

Assay per Ton. 

Total Value, 

No. 1 mineral 

Pounds. 

55 

132.32 

$0.83 

No. 2 mineral 

49 

86.8T 

2.12 

No. 8 mineral 

48 

135.10 

3.24 

Total without dust 

-J 

152 

82.11 

6.24 


The extraction was 79%. In this ease the dust was probably of little value, and 
where that is true the objection stated below does not hold. 

According to John Heard, Jr., the capacity of a single jig is about 300 pounds 
per hour, not including dust, which amounted to 17%. 

The disadvantages under which this machine appears to labor are that it has 
no power of self -regulation, and it provides no means of treating dust. The lack 
of self-regulation causes the machine, if fed more rapidly than normal, to lose 
concentrates in the tailings and if fed less rapidly, to contaminate the concen- 
trates with the tailings. And again, if the feed be regular in quantity, but the 
percentage of concentrates variable, then the rise in percentage will enrich 
the tailings and the fall will contaminate the heads. It misses the approximate 
self-regulation which is true of hydraulic jigs, which tides them over the times 
between the visits of the attendant. The machine’s strongest claim is that it is 
suited to a dry climate where water cannot be obtained. 

§ 609. Dry Blanket. — A primitive method of winnowing and concentrating 
ore dry upon a blanket, exists in some parts of Mexico. Two men roll and toss the 
finely broken ore in a blanket, exposing it to the action of the wind. The finest 
portion is blown away ; the rich portions of horn silver and metallic gold become 
entangled in the hair of the blanket, while the poorer part is turned off. 

Dry Panning. — A method of dry panning combined with hand picking, win- 
nowing and blowing with the mouth, is used in the placer gold fields of Western 
Australia.^®® 

§ 610. Advantages of Air as Compared with Water. — The chief claim for 
favor is in the ready accessibility of a medium of separation, without the cost of 
pumping, especially in dry climates. It also gives no trouble from freezing in cold 
weather, has no harmful chemical action on the products, and its products are drv 
and ready to ship. Where the rich mineral is of very high value and also soft 
and brittle, as in tellurides, gray copper and other ores, it is easy to draw off and 
settle dust, rich enough to ship, by the dust chamber. This may give a greater 
saving than the wet method, which has greater losses in tailings and greater diffi- 
culty in settling fine slimes. The greasy flotation, which causes some loss and 
much trouble with the water treatment, does not occur with air. The cohesion 
between mineral particles and the medium is less in the case of air than in water. 
The enveloping film (see § 359), is probably thinner and more easily brushed 
away. This is an advantage only in settling finer particles. The lightness of 
the air admits of a higher number of pulsions per minute than with water, and 
this has to be taken advantage of in order to bring up the capacity to that of a 
hydraulic jig, working upon similar material. 

§ 611. Disadvantages of Air as Compared with Water. — Air and water 
may be said to be between the extremes, namely, a vacuum where density equals 0, 
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in which quartz and galena settle at the same rate, at one end of the series, and a 
heavy solution of the same specific gravity as quartz, in which the quartz will fail 
to settle at all, at the other end. The proportional rates of settling are ex- 
pressed by Table 368. They are calculated according to Rittinger^s formula for 
rates of settling in mediums of different densities, which is the best formula 
known to-day for larger sizes of grain, and gives results sufficiently accurate for 
this purpose. 


TABLE 368. — RATES OF SETTLING IN DIFFERENT MEDIUMS. 



Proportional Velocities of Settling oi 

Density of Medium. 

Particles of Equal Diameter. 


Quartz. 

Galena. 

0 (vacuum) 

1 

1 

0.00125 (air) 

1 

2.88 

1 (water) 

1 

4.06 

2 . 67 (heavy solution) 

0 

Infinity 


It will be further noticed that the figures in the galena column of Table 368 
are also the free settling ratios (see § 356) between the diameters of galena and 
quartz particles which are equal settling in the different mediums. The separa- 
tion in the heavy solution is obviously very easy, while in vacuum no separation 
takes place. The settling ratio of quartz and galena in water, which is nearer to 
the heavy solution, is much more favorable than in air, which is further removed. 

Owing to the higher friction of particles settling in water and also the higher 
specific gravity of water, which gives greater buoyancy, the velocity of current 
need not be so great as with air. In other words the effect of density in water is 
equivalent to the effect of velocity in air. 

In water concentration graded crushing is advantageous, since the coarser 
sizes and the dust are easily treated ; the reverse is true in the use of air, which 
cannot be used with coarse sizes, and the fine crushing makes much dust which 
cannot be as well treated as by water. 

With water, the film surface treatment is a natural method of separation. 
With air, it is a difficult method and hard to control ; in fact, only one machine 
using this idea is known to the author. 

Water disintegrates clayey matter and dissolves soluble salts, freeing the par- 
ticles cemented by them. In both eases the particles are left free for individual 
treatment. Air effects neither of these results. 

Air requires that the whole batch should be made perfectly dry at the start, 
which may be a costly operation. Water concentration at most requires only that 
the concentrates should be dried preparatory to shipping them. 

Fine, dry particles adhere to coarser grains more or less and may contaminate 
the waste product with rich mineral or lower the value of the concentrates with 
poor mineral. This adhesion may or may not be caused by electricity. Reason- 
ing from what takes place in some of the manufactories, analogy would seem to 
point to it as the cause. In the case of coal there are several records of eases 
where the dry method, by blowing air, gave less adhering dust than the water 
concentration. 

Since air jigs are all pulsion jigs, not u-^ing suction at all, and since the diam- 
eter ratio for quartz and galena, for example, when settling freely in air, is le^s 
than in water, it follows that the feed to air jigs should be more closely sized than 
for hydraulic jigs, and this sizing will of necessity reach much finer sizes. If 
seems to the author that the work of the air jig is crippled, when compared with 
the hydraulic jig, bv the lack of its ability to use suction. A probable reason for 
the absence of suction is the greater clearance loss between pulsion and sue- 
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tion in air, which, is due to the elasticity of the air, and which does not exist in 
water. 

Since air diffuses, while water seeks its own level, the air is robbed of one of 
the principles which helps the hydraulic jig to be self-regulating. Since a hy- 
draulic jig can have upon its sieve a bed of mineral which permits grains that 
rightly belong in the hutch to go there, and causes grains that belong in the 
tailings to be held up and sent there, while the air jig cannot have a bed acting in 
that way, the air jig loses a second important means of being made self -regu- 
lating. 


Separation by Centrifugal Force. 

§ 612. Centrifugal force attracts the attention of the ore dresser along several 
different lines. 

The formulae for centrifugal force* are 

0.000341 X W R IP 

g R 

%^R]Sr 

60 

where F = centrifugal force in pounds, W = weight in pounds, V = peripheral 
velocity in feet per second, g = 32.2, R radius in feet, and N = revolutions 
per minute. 

The formulas given by Eittinger^^® depend upon a function which he himself 
showed was less reliable for small particles than for large. The author, under 
free settling, has shown that the computed velocity varies greatly from the ob- 
served velocity. Centrifugal force appears to be adapted only for use with very 
fine sizes, where the computation errors would be very large. On these accounts 
the author has not reproduced the formulae developed by Eittinger. 

If water in a cylinder be rotated rapidly around the axis of the cylinder, fall- 
ing particles of mineral matter will be thrown toward the walls by centrifugal 
force. Of two particles of the same size but of different specific gravity the 
heavier will move more rapidly toward the wall; of two particles of the same 
specific gravity but of different diameters the larger will move more rapidly to- 
ward the wall. The following idea which may offer suggestion in some design is 
added here : under ordinary conditions a cubic centimeter of water weighs 1 gram, 
a cubic centimeter of quartz 2.65 grams, and of copper 8.2 grams. The cubic cen- 
timeter of copper therefore weighs 5.55 grams more than that of quartz. If these 
substances were all put in a centrifugal machine and re- 
volved with sufficient force to make the cubic centimeter of 
water have a virtual weight of 100 grams, then the quartz 
would weigh 265 grams and the copper 820 grams, or the 
copper would now weigh 555 grams more than the quartz. 

The author thinks that as the ratios are all maintained the 
conditions of separation remain not greatlv changed from 
free settling conditions. 

The application which seems mort attractive for ore 
separation is that of the crer.m separator, and a i^ood (ex- 
ample is the ^^Alpha” DeLaval Cream Separator (Fig. 

479). A little bottle-shaped cylinder about 9 inches in 
diameter revolves upon a vertical axis at hierh speed 
(6,000 revolutions per minute more or less). The neck a of the bottle is per- 
haps one-quarter the diameter of the bottle. The milk is fed bv a central tube. 



UGAL separator. 


See Kent’s “ Mechanical Engineers’ Pocketbook,” p 423 
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i, in a vertical stream which impinges on the bottom of the bottle and is instantly 
thrown to the circumference, assuming the shape of a hollow cylinder with an 
almost vertical inner wall. As more milk is fed the hollow central space nar- 
rows until it is coincident with the inside of the neck of the bottle; further 
feeding of milk causes an overflow all around at the mouth. The centrifugal 
force separates the heavy part (milk) from the light part (cream) ; the latter 
rises or seeks the center, the former settles or seeks the circumference. It fol- 
lows that the cream overflows at the nozzle, c, while the milk flows out through 
the little tubes, dd. The perforated, conical diaphragms, ee, serve to keep the 
particles in their respective radial positions, preventing the remixing of the 
already separated fluids. 

So perfectly does this principle work for liquids that it has become the standard 
method of separation of cream from milk for creameries and dairies. There are, 
however, two features which must be reckoned with in the design of machines 
for ore separation: (1) It can at most act only as a method of settling particles 
from water, and is probably identical in behavior with free settling conditions, 
differing only from that method in the extreme rapidity of its action; (2) the 
heavier particles thrown to the circumference immediately form a hard cake, 
which cannot flow and discharge like the milk but must be removed in some way. 
These features are the chief reasons for the difficulty which has been experienced 
in adapting centrifugal force to the concentration of ores. 

The Peck Centrifugal Concentrator^^® is a slightly conical drum revolving 
on a horizontal axis. It is 8 feet long, 33 inches in diameter at the small end and 
40 inches at the large end. Within this is a drum of a little smaller diameter 
than the outer one. The outside drum is run at a speed of 600 to 800 revolutions 
a minute, and flne pulp fed at the small end is thrown against the walls by cen- 
trifugal force. This force causes the heavy minerals, for example pyrite, to 
cling to the cylinder, while the flow of water carries out the lighter minerals, for 
example quartz, at the discharge end of the drum. As the layer of concentrates 
increases, the wooden drum is automatically withdrawn, keeping a distance of 
about I inch between it and the newly formed bed of concentrates. The ma- 
chine becomes charged with concentrates after running from 5 to 18 minutes, 
depending on the ore. The feed is then stopped, the speed of the machine is 
reduced to 200 revolutions a minute, and clear water is introduced to wash out 
the concentrates, which takes 2 to 3 minutes. The machine requires much 
power, and must be fed with pulp of an exact consistency. It is intended for 
very fine pulp, on which it is said to do successful work, but it is not adapted to 
ore coarser than about 80-mesh. 

The Pape-Henneberg and Clarkson-Stanfield Mactiines (see § 605 and 
§ 606) use centrifugal force upon dry sand to throw the particles in a horizontal 
direction, to make a separation based on the different trajectories of grains of 
higher and of lower specific gravity. Centrifugal force, as such, plays no special 
part beyond that indicated above. 

Woodworking shops use exhaust fans to draw away dust from their machines 
and from sweepings, and a conical spiral centrifugal separator to separate the 
chips and dust from the air, which is discharged comparatively free from dust. 
It is possible that this fan and centrifugal dust settler may be worked into some 
of the problems of ore dressing; also that in the same connection the use of static 
electricity of high potential to clot the dust particles together after the manner 
of snowflakes may be available. 

Poasttng for Porosity. 

§ 613. Certain minerals, such as pyrite, become porous by roasting. Their 
virtual specific gravity (that is, the specific gravity of the porous mass) is thereby 
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decreased sufficiently for separations previously impossible. Tlie two most 
common examples are the separation of arsenopyrite and pyrite from cassiterite, 
and the separation of pyrite from blende. In the Cornish tin concentration 
works, the concentrates, consisting of cassiterite, arsenopyrite, pyrite and wolfram- 
ite, are roasted in revolving furnaces to change the dense sulphides into the light 
and porous oxides, which are then washed away.^^’^ Formerly, the remain- 

ing heavy product (cassiterite and wolframite) was then roasted with sodium 
cpbonate or sulphate (on an iron hearth) to decompose the wolframite; the 
sintered mass was leached with water to remove the soluble sodium tungstate, 
once more the residue washed for the removal of the porous oxides of iron and 
manganese that result from the decomposition of the wolframite, thus com- 
pleting the mechanical purification of the cassiterite. This last process, however, 
has been given up on account of the cost. Moreover, of late years, wolframite 
has become less abundant in tin ores, and when it does occur, it is hand picked as 
far as possible. 

At Ammeberg, Sweden, in the works of the Vieille Montague Company, 
(see § 674), coarse ore, containing pyrite and blende, is roasted in kilns at a tem- 
perature that bums the pyrite to the light, porous oxide of iron, but leaves the 
blende unchanged. This iron oxide is easily washed away from the more dense 
and heavy blende ; whereas the separation of pyrite and blende is very difficult. 
At the works of the Wisconsin Lead and Zinc Company, Blake designed, for 
this purpose, a rotating step-hearth reverberatory furnace in which the control of 
heat and the avoidance of sintering is more perfect than in the kiln . 

Heating foe Deceepitation. 

§ 614. Certain crystallized minerals, such as calcite, barite and fluorite, decrep- 
itate (tiy to pieces) to a remarkable extent when heated, while other minerals 
(especially the amorphous varieties) do not have this property. Consequently, 
careful heating in connection with screening may serve to make a separation of 
minerals whose specific gravities are so near each other as to render separation in 
the ordinary way difficult or impossible. Even crystalline barite and blende have 
been separated, the barite decrepitating at a lower temperature than blende. For 
the application of this principle, Heusschen^^® has designed a furnace in which 
an inclined metallic hearth, suspended from above, is heated beneath by the hot 
gases from a grate fire. Ore is regularly fed upon the upper end of the hearth, 
and is moved forward by means of a shaking motion imparted to the hearth by a 
cam. When a mixture of barite and blende from wet concentration, sized 
through a 3-ram. and on a 1-mm. screen, was heated in this furnace the barite 
decrepitated but not the blende. The two minerals were then separated by 
screening, the blende remaining on the screen and the barite going through. In 
24 hours one furnace treated 1,526 kilo«, assaying 34% zinc; and the concen- 
trates weighed 1,105 kilos, assaying 48% zinc, while the rejected barite carried 
only 2% zinc. The percentage of barite in the concentrates is not 
stated. With a mixture of blende and siderite heated to 500° C. the siderite 
(FeCO.,) was changed to oxide of iron without decrepitating, while the blende 
decrepitated; and a separation was then made by screening, the percentage of 
zinc being raised from 39% to 50%. A mixture of blende and pyrite gave sim- 
ilar results. 

In other tests, in which 100-pound lots of ore, sized through 5 on 3 mm., 
were heated in covered cast iron pans, with occasional stirring, a good separation 
was made between barite and gray copper. The original ore contained 75 to 
80% barite and 4 to 5.5% copper, while the concentrates, which weighed from 
20 to 22% as much as the original ore, contained from 20 to 20.5% copper. 
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Disintegrating Followed by Screening. 

§ 615. Ores may contain minerals of sucli different friability that a fair sep- 
aration can be made by careful crushing in connection with screening. At Lin- 
torf, Prussia, a mixture of blende and pyrite between 10 mm. and 6 mm. in size 
was fed to a Vapart disintegrator (§ 244) run at 300 revolutions a minute. 
This reduced the blende much more than the pyrite, so that about 80% of the 
former was separated by screening. The oversize of the screen was sent a sec- 
ond time to a disintegrator run at 325 revolutions a minute, after which practi- 
cally all the remaining blende was screened out. The feed to the disintegrator 
carried less than 35% zinc, and the concentrates contained 50 to 55% zinc, 
while the p 3 nrite tailings contained zinc only in included grains.®^® Wlien ore 
through 25 on 20 mm. was fed to a disintegrator run at 400 revolutions a minute, 
the blende was reduced to 3 mm. and finer while the pyrite was but little broken. 

At Chuquicamata, about 140 miles from Antofagasta, Chili, is a large deposit 
of porphyry in various stages of decomposition, which contains atacamite and a 
little copper sulphate. The ore breaks up a good deal in handling, and the 
method of treatment consists simply of screening it in two trommels, the first 
being about 12 or 15 mesh and the second about 6 mesh. Stuff below 6 mesh 
is concentrates; the remainder is rejected. The ore averages about 3 or 4% 
copper, the concentrates about 12 to 16% copper, and the middle size (through 
12 or 15 mesh on 6 mesh) probably about 8 to 12% copper. The concentrates 
amount to only 8 or 10% of the ore by weight, and therefore they do not contain 
more than 33 to 40% of the total copper. 


Disintegrating Followed by Settling or Elutriation. 

This method, which is applied to graphite, corundum and clay, is discussed in 
§ 784, § 785 and § 786. 


Weathering. 

§ 616. Some rocks disintegrate quite rapidly on exposure to the weather, not- 
ably those of a clayey or marly character, and certain altered volcanic rocks. 
Frequent frosts and either the absorption or evaporation of water are especially 
active causes of this weathering. Two instances may be noted in which advan- 
tage is taken of this fact for the purpose of concentration. The ^^blue ground’' 
in which are found the diamonds of Kimberley, South Africa, is an altorcvl 
peridotite. After mining, it is spread out about 10 inches deep on irnmcmso 
^^floors,'" which are simply open ground cleared of grass, brush and loose 
stones.225 The first treatment consists in running harrows back and fortli 
between two traction engines placed several hundred yards apart. Most of tlio 
lumps, which at first are compact, gradually disintegrate and fall lo pi(‘ces. 
After a certain period the most rePraciory lumps are collected and takcm io llu' 
dressing works to he crushed, sized, jigged, etc. What remains on the floors 
is then harrowed again, and, if there has not been enough rain, the rock is vv(dl(‘d 
by hose, there being a complete system of pipes for this ])nrpose. AftcM- anolher 
period of weathering the rock is shipped to the dressing works. Tho time 
required to weather the rock varies Prom three nionths to a year or more, depend- 
ing on the season and on the mine from which it come<?. Attempts have b(‘en 
made to treat the ^due by direct crushing without w(‘alhering, but it was found 
that some of the diamonds were broken in passing through the rolls and the losses 
in the tailings were high.^^® 
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Near Meronitz, Bohemia, there is a bed of garnet-bearing argillaceous con- 
glomerate which disintegrates so much by three months^ exposure to the weather 
that it can be washed to obtain the garnets without having to be crushed. The 
chief cause of decomposition in this case is the rapid oxidation of pyrite in the 
form of small fossils abundantly distributed through the rock.^^^^ 

Adhesion. 

§ 617. At the De Beers Diamond Dressing Works, in South Africa, Elirsten 
and Labram^^® have devised a special method to extract the diamonds from the 
final jig concentrates (of which the diamonds constitute about 2%). The ma- 
chine used is a light side-shaking table, covered with a particular kind of 
grease, to which the diamonds adhere while all the other minerals are washed 
into the discharge. When the grease is removed and melted the diamonds sink 
to the bottom of the vessel. In the first test of the table, made with the finest 
sand size (through -I- on ^ -inch round holes), out of 6,601 carats of diamonds 
contained in the lot treated only 111 carats (or 1.68%) went into the tailings. 
In the second test, with material from f to inch in size, out of 19,031 carats of 
contained diamonds only 40.25 carats (or 0.21%) went into the tailings. This 
method is intended to displace hand picking. 

Adhesion also serves to catch and retain gold upon amalgamated plates. This 
subject is treated in Chapter XVII. 

The Elmore Process.* — If the pulp which has passed through a 30-mesh 
screen be agitated with a layer of oil so as not greatly to disturb the latter, the 
oil, having an adhesive affinity for many bright metallic particles, sulphides and 
certain other materials, wets them and holds them up in the oil layer while the 
quartz and other rock grains are not wetted by the oil and remain in the water 
layer beneath. The oil should not be shaken to an emulsion with the water. 

The materials adapted to being saved by oil include metallic gold, silver and 
copper, copper and iron pyrites, bornite and gray copper, brittle and ruby silver, 
telluridcs, cinnabar, stibnite, galena, molybdenite, graphite and sulphur. Spe- 
cific gravity does not directly affect the separation as copper pyrites may be 'sep- 
arated from magnetite and heavy spar and probably also from zinc blende by oil, 
as also bornite from garnet. These separations are practically impossible by 
water. 

The oil preferred is residuum (0.89 specific gravity) after distilling the 
Jigliter burning and lubricating oils from crude petroleum. The temperature 
preferred for the treatment is 54° to 57 °F. If the oil is too thin, it can be 
thickened by mineral butter and if too thick, it can be thinned by lighter oil. 
The viscosity is all important ; the thinner the oil the less is its power to catch 
and hold the concentrates. Theoretically, the oil can float only 10% of its 
weight of chalcopyrite, but practieallv it is found to lift 20 to 28% owing to air 
bubbles or other cause. The quantity of oil used on an ore containing 7% 
sulphides is about equal to the weight of the ore; an increase of concentrates, 
however, requires an increa‘?e of oil to float it. The recovery is so complete, 
however, that only to 2| gallons of oil per ton of ore treated are finally lost. 
This will be increased if the percent, of concentrates is high. The lowest quo- 
tation of cost of the oil is 2 to 5 ceni'^ ner gallon, the highert 17 cents per gallon. 

The details of the process are as follows : The pulp, after being crushed to 30 
mesh, is fed to a mixer, with about 5 tons of water per ton of dry sand, and oil 
is fed a little wav in from the receiving end at a point found bv practice. The 
mixer is a revolving horizontal drum with a helical rib running from end to end 

*lnst Min. and Met, Vol VTII , (1900), p 379 C M. Rolker Min Ind„ Vol IX , (1901), p 777 W. McDermott 
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acting as a conveyor. Between the coils are placed low lengthwise blades which 
lift the pnlp to the surface and bring it in contact with the oil layer giving good 
exposure of the values to the adhesive power of the oil. The delivery end of 
the mixer has an annular disc with perforations to prevent the discharge from 
being too rapid. The oil with its catch is separated from the pulp by a settling 
box. The pulp goes to a second mixer and again, if necessary, to a third. The 
concentrates, laden with oil from the three mixers, go to the first centrifugal 
hydro-extractor with an annular disc top and solid sides, revolving 800 times per 
minute. It is charged with water which stands as a vertical wail when the oil 
and concentrates are fed into it. The oil floats on the water and overflows the 
annular disc lip while the concentrates are thrown out through the water form- 
ing a band all around. The machine, when charged, is stopped and the concen- 
trates are run into a second smaller centrifugal hydro-extractor with perforated 
revolving basket; the concentrates remain in this and the water and oil are 
thrown out through the perforations. The concentrates are ready for market; 
the oil goes to settling store tanks to be used over ; water is drawn off from the 
bottom of these tanks from time to time. The small amount of oil left in the con- 
centrates does not injure them for smelting purposes. 

The cost is that of crushing to 30 mesh with the cost of oil lost and the run- 
ning of mixers and centrifugal machines. 

The advantages are: it has a smaller consumption of water than the wet 
methods; it 3 delds cleaner heads and tailings than most wet processes; it sepa- 
rates some ores that cannot be otherwise separated. The disadvantages are: 
it requires careful adjustment of the quality of oil which will vary some- 
what with the temperature, of the quantity of oil and water, of the distance into 
the mixer to feed the oil. Oxidized or tarnished ore or tailings will require to 
be rebroken to expose fresh, bright surfaces before treatment with oil. 

A comparison of jigs and vanners on 52,000 tons with the Elmore process, on 
706 tons of ore treated at the Glasdir mine, Wales, (see § 781), showed figures 
as follows: 



Jigs and Vanners 

Elmore Process. 

vahiA nf nrfl treated, per ton 

iBl.12.0 

4.771 

£1.18.0 

Average percent copper in concentrates 

10.00 

Average ounces silver per ton concentrates 

8.827 

8.25 

Average ounces gold per ton concentrates 

0.506 

0.86 

Average assay value of a ton of concentrates 

£4.16.7 

£12.16.0 

£1.10.9 

80.9 

Average assay value recovered per ton treated 

£0. 4.7 

Average percentage value recovered 

14.5 
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CHAPTER XIX. 

ACCBSSOEY APPARATUS. 

Under this head are described machines and apparatus that form connecting 
links between the different machines of a mill ; and also those that control speed 
of running and value of products. They are : bins^ samplers, feeders, distributors, 
water regulators, conveyors, elevators, pumps, launders, unwaterers, driers, etc. 

Biks and Receiving Floors. 

§ 618. The vary-ing production of ore in a mine calls for receiving bins or 
floors at the mill, large enough to serve for storage when the mine is producing 
faster than the mill can treat, and thus provide ore for the mill when none is 
being received from the mine. It often happens that mining or milling is done 
for 24 hours, while hoisting or shipping is done for only 12 hours. A common 
rule for the size of bins is that they shall hold at least 24 hours production 
of the mine, and they are often much larger. Custom mills, which treat ores 
from a number of mines, returning the concentrates and receiving pay for the 
work done, require more storage room than others, and must have separate bins 
for individual lots. Thirty mills report capacities of bins ranging from 1 to 7 
times the daily capacities of the mills, the average being 3. The largest ratio 
is for a custom mill (Mill 77). Five others report capacities of bins from 0.1 
to 0.8 of the daily capacity of the mill. 

' Ore bins must be strongly constructed and braced in order to support their 
heavy loads and to withstand the shocks due to dumping the ore into them. 
They may have flat bottoms where economy in first cost requires it, or where in- 
creased capacity is sought. These, however, require more labor to completely 
discharge the ore than do sloping bottoms. The sloping bottom is made by lay- 
ing timbers down the slope; and then boards are laid across the timbers, or olsc^ 
stringers are laid across the timbers, and the boards are laid down the slopes on 
the stringers. In either case there should be a second layer of boards breakiri''- 
joints with the first, to make the bottom tight. Th(‘ bottom will wear beti(‘r 
when the grain of the wood runs down the slope than when it runs across. Biie- 
should be lined with plate iron where the ore strikes when it is dumped in. 

The labor of discharging a bin depends upon its shape. In some* mills tlic 
bottom slopes in three directions to a chute in front. In Mill 37 it slopes in 
four directions to a central chute. Either of these will discharge all of the ore- 
without shoveling, if the slope is sufficient. In otluT mills the* bottom slope.- 
in only one direction, and therefore the ore cannot he completely discharg(‘(I 
without shoveling. Whore the bottom is flat the ore will partly discharge ilsi'If 
until the angle of friction is reached, but the remaiiuh'r must be removed bv 
shoveling. Twenty-three mills have bins with sloping bottoms, the steop(‘st 
being 52°, the gentlest 30°. Sixteen of the twenty-thro<^ have slopes from 
424° to 45°. All these discharge directly to the first ina('hine. Ten mills hav(‘ 
flat-bottomed bins, from nine of which the ore is wh(‘(‘l(‘d or shoj/eled to Uk' 
first machine, and from one it is shoveled to the spalling floor. In eleven mills 
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the ore is dumped on receiving floors, from which it is shoveled or wheeled to 
the first machine. 

Ore is brought to the bins in cars, skips, wagons or barrows. For cars the 
end dump and side dump styles are most common, and they are generally dis- 
charged at the side of the bin. In large mills, when convenient, the tracks are 
run over the tops of the bins and drop-bottom cars are used. To make use of the 
full bin capacity, the ore must be so fed that it will fill the bin; the top filling 

does this. Sometimes the ore is dumped on a grizzly, the undersize of which 

goes directly to the bin, while the oversize goes to a breaker and then to the bin. 
The discharge from the bins is commonly through a sliding gate, operated either 
by a rack and pinion, or by a lever. The discharge chute slopes 45® or more. 

A hinged discharge chute is used at the rock house bins of Mill 46, and at the 

concentrates bins of Mill 38. The raising of the chute stops the flow of ore. 
This chute rtiay be operated by a lever, or, if heavy, by a block and tackle. The 
rock house bins of Mines 44, 46, 47 and 48 have double V bottoms, with tracks 
beneath, and with discharge chutes spaced so that several cars can be filled at one 
time. Mill 43 has a bin divided by a partition down the center. One side can 
be discharged while the other is being filled, a scheme which may give facility 
in making up mill accounts. This matter is discussed in § 363. 

Intermediate bins are used in some mills to act as reservoirs, so that a tem- 
porary stoppage of one part of the mill shall not necessitate the stoppage of the 
parts preceding and following. At Mill 91 there is a large stock house, with a 
capacity of 16,000 tons, between the preliminary crushing plant and the separat- 
ing plant. If an accident requires the former plant to be shut down, this stock 
house provides a supply of ore to keep the latter plant running ; and if the latter 
shuts down the stock house provides storage for the ore from the former plant. 
The capacity of the stock house is sufficient to permit either the crushing or the 
separating plant to run for about two days while the other is shut down. At 
Mill 92 there are six storage bins between the crushing and the separating plants ; 
and their capacity is sufficient to allow either plant to run for an hour or two 
while repairs are being made on the other. At Mill 26 there are three bins for 
the storage of jig middlings previous to regrinding. They have a capacity for 
at least 24 hours^ supply. 

Concentrates bins are described under settling tanJes (§ 349). They are placed 
there because the concentrates are usually collected by settling from water. In 
many mills, however, the concentrates are wheeled from the individual machines 
to the bins. 


Samplers. 

§619. Sampling consists in obtaining, from a lot of ore, a small portion to 
weigh out for assay, which shall represent as perfectly as possible the exact pro- 
portions of the constituents in the original batch of ore. This involves two 
operations which proceed by alternate stages: (1) cutting down or reducing the 
weight of the sample, and (2) crushing or reducing the size of the particles. 

Sampling and assaying are required in milling to determine the value of the 
ore; to see what losses arc taking place in the tailings, and what is the quality 
of the middlings; and to dcdormine the value of the concentrates. Consequently 
the selection of the proper methods of sampling is very important. This work 
must be so conducted as not to lose dust or fine slimes which belong to the ore 
or product, as these fine particles are often very rich, and a larger error would be 
made by their loss than the loss of weight alone would imply. 

A sample may be taken from a stream of ore while it is in passage from one 
place to another, in which case it is called a running sample ; or it may be taken 
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from a car load lot or an accumulated product. A running sample is taken either 
by hand or machine; but in most other eases only hand methods are used. 

§ 620 . Hand Sampling is done in various ways, which will now be noticed. 

Fractional Selection by Shovel . — ^When ore is being moved by a shovel, either 
to load or unload it, every fifth, tenth or twentieth shovelful, according to the 
richness of the ore and the distribution of the minerals, may be thrown one 
side for a sample. Similarly, when unloading ore in sacks, every fifth or tenth 
sack may be set aside. This sample, after being crushed to reduce the size of 
lumps, may again be reduced in quantity by setting aside alternate shovelfuls 
as a sample. This routine may be repeated several times until the sample needs 
crushing again, but a smaller shovel must be used when its capacity becomes too 
large a proportion of the lot. In case the ores are exceptionally diflBcult to 
sample, for example, where very rich lumps occur in a barren gangue, it will 
be safer to mix them by ring and cone, as described under quartering, previous 
to shoveling for fractional selection. 

Quartering . — The crushed ore when brought to the sampling floor in sacks or 
barrows, is deposited evenly in a large ring. The attendant then shovels it into 
a conical heap in the center, while walking slowly around the ring. He should 
not shovel too much ore in passing once around, lest a part of the ore be too 
much bunched. Every shovelful should drop systematically upon the apex of 
the cone, all sides of the cone thus receiving contributions from each shovelful 
of ore. The ore is now raked out into a new ring by a shovel or hoe and re- 
coned, or it may be directly shoveled into a new cone on another part of the 
floor. This process of re-coning will be repeated until the batch is satisfactorily 
mixed, and then the cone is systematically flattened by raking the ore out from 
the apex, while walking around it. The flattened cone is marked off into quarters, 
with a stick or board on edge, along two diameters at right angles to each other. 
Two opposite quarters are shoveled away for the sample, taking care to save all 
the fine as well as coarse ore belonging to the sample; and, if the lumps are 
small enough, it may be mixed as before and again cut down. 

If there is much variation in the sizes of the ore particles, as there is very 
likely to be, the fine tends to separate from the coarse, and thereby prevent 
thorough mixing. This separation is much lessened when the ore is somew'hat 
damp,^ but the moisture must not be sufficient to make the ore ball up into large 
masses. The floor on which this work is done must be clean, smooth and free 
from cracks ; hence it is best to have it covered with iron or steel plates. 

Fractional Selection by Split Shovel, Rijfle^ and Jones Sampler . — The split 
shovel is a fork in which the prongs are separate scoops, each scoop l)oing the 
same width as the space between the scoops. It is laid upon the ground, and a 
shovelful of ore spread over its surface, the shovel being moved back and forth 
across the scoops while the ore is sliding off. The split shovel is now lifted, leav- 
ing on the floor the ore that went into the spaces between the scoops, and w'liat 
went into the scoops is emptied on a heap by itself. The rifTle is tlu‘ same thing, 
except that it is larger and has a small handle on each side instead of a shovel 
handle on one side. It is used in the same way as the shovel. The ritfie or shovel 
is very useful in the assay office when the quantities become small and th(‘ sizes 
fine. The Jones Sampler is a riffle consisting of two sets of scoops sloping in 
opposite directions, instead of alternate scoops and spaces. The scoops discharge 
the ore as fast as it is poured into them, the even numbers to one side the odd 
numbers to^ the other. For either of these devices, each scoop should be at 
least four times as wide as the largest particle of ore. 

Cheese-scoop Sampler.~{F[g. 480.)— To make this, nearly half the circum- 
feence of an iron pipe is cut away except for a few inches at the upper end 
This IS slipped into a slightly larger pipe which is similarlv cut away and whicli 
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has its lower end hammered to a point. A T is screwed on the upper end of the 
inner pipe, and a handle screwed into the T. The point on the lower end of the 
ouxBr pip6 Gii8,blcs tliG sdmplGr to G3.sily torcG it into 

a body of fine ore. When doing this the pipes should I /T I 1 

be in the relative positions shown in section a; the in- ' ‘- f > -1 * 

ner one is then turned into the position I, and twisted 

back and forth till it fills with ore. It is then returned Iri 

to the position a, and both pipes are withdrawn with 

the sample. This tool is very convenient for sampling 

fine concentrates in bins, cars or sacks. Such samples 

should be taken systematically from all parts of the 1) (C 11 ° 

bin or from a certain proportion of the sacks. ^ ^ 

Pipe Sampler. — To sample a pile of hematite concen- \ 7 

trates that had weathered for years at Iron Mountain, \ / 

Missouri, and which varied from sand to hickory nut \J 

size, Taylor^s used a 2-ineh pipe 13 feet long. This was 400 — r tt u i? « u 

drive, into tte pUe to . depd of 12 f«t at m- 
tervals of 10 feet, using 6-pound sledges. To 

prevent upsetting the end of the pipe by hammering, a collar and plug were 
used. The collar was of f-inch iron, and was shrunk upon the end of the pipe. 
The plug entered the pipe 6 inches, and had a projecting shoulder to transmit 
the blow. The pipe was drawn out by a mule or by two men. With this ore 
the steepest angle at which the pipe could be withdrawn, and be sure of carrying 
with it the whole sample, was 30°. With a moist fine ore a steeper angle could 
be used. After withdrawing the pipe, and having it in a vertical position a few 
hammer taps removed the ore. 

The Grab Sample, — This method consists in measuring ofE the surface of an 
ore heap into squares, and taking approximately equal quantities of ore from 
the corners of the squares, accepting whatever comes, coarse or fine, rich or poor. 
A tape measure or a knotted cord laid over the heap may also be used, a sample 
being taken at each foot mark or under each knot. The method is not as accurate 
as the others, because only part of the ore is accessible. There are cases, however, 
where for lack of means to take a more accurate sample, this method is accepted. 

Dipper or Bucket Sample . — Samples of the running products of individual 
machines, and of the general mill tailings may be taken by diverting the whole 
stream into a dipper or bucket at stated intervals, for example, every 15 min- 
utes, for some definite period, such as 30 seconds. The principles laid down 
for mechanical sampling (see § 621) apply here. The total sample for 12 or 
for 24 hours is settled, dried and then cut down for assay. 

The general mill tailings are often accompanied b\ so much water that a 
dipper or bucket is too small to catch a good sample. In such a case a box of 
about 10 cubic feet capacity is sometimes mounted on wheels, so that it can 
be pushed under the end of the tailings launder. Once an hour this box i*; 
filled and withdrawn; and at the end of the hour a plug is removed to run off 
the clear top water. (As to the catching of tlie fine slimes, see § 869.) The 
sample is removed from the box once in 24 hours. 

In all this class of sampling great care must be taken that no accumulations 
of concentrates in eddies or corners, or adhering to the discharge lips of the 
machines, he dislodged and get into the sample. For example, the tailings of 
amalgamated plates should be sampled before rather than after going to the mer- 
cury traps, because there may be periodical rushes of accumulated sulphurets 
out of the traps. On the other hand, particular care must be taken that no 
amalgam is scraped into the sample from the lower end of the amalgamated 
plate. 
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Moisture Samples , — Since the assays of ore are always made upon dry samples 
(because a constant weight and value can be obtained in no other way ) , and since 
all ores are more or less damp when sampled, it is necessary to take moisture 
samples to determine the weight of dry ore in any lot. This moisture sample 
should be taken either just before or just after the ore is weighed. It must be 
taken by a method that is rapid and does not require crushing, further cutting 
down or other handling before testing ; and should therefore be independent of the 
regular sample, unless the latter is small enough so that the whole of it can con- 
veniently be dried. Each portion taken for the sample must be put into 
a covered pail immediately, so that there shall be no evaporation before the test 
is made. As soon as possible the sample is rapidly mixed, and a portion weighed 
out to be dried; or better, the whole sample may be dried. The difference be- 
tween the wet and dry weights, divided by the wet weight, gives the percentage 
of moisture in the wet ore. 

§ 621. Mechanical Sampling. — There are seven essential features of a per- 
fect mechanical sampler: (1) it must take the whole stream of ore (wet or dry) 
part of the time, and not part of the stream all the time, because the values are 
never evenly distributed across the stream; (2) the scoop that cuts out the sample 
must move completely across and out of the stream in one direction at each cut, 
for, if it enters from one side, and is then withdrawn on the same side without 
having completely crossed the stream, more ore will be taken from the side at 
which the scoop enters and leaves than from the other side;* (3) in order to 
take equal proportions from all parts of the stream, the scoop must move at a 
uniform rate, and the top of the scoop must, in all positions, be at right angles 
to the direction of the stream. This last condition, in the case of a revolving 
scoop, is well obtained from a vertical stream and a horizontal scoop; (4) if the 
scoop that cuts out the sample revolves about an axis, two sides of the scoop should 
converge toward the axis in order to take equal proportions from all parts of the 
stream; and the scoop may be adjustable to take larger or smaller proportions of 
the ore; (5) the interval of time between cuts should be constant; (6) the scoops 
must be deep and broad enough so that ore that has once gotten into them will 
not bound out again; and it the scoops have closed bottoms they must not be 
allowed to fill up so that some of the ore runs over, as this would produce a concen- 
tration of the heavy minerals, especially when the ore was carried in running 
water; (7) the machine should be simple and easily accessible for cleaning, to 
avoid danger of contaminating subsequent samples- i^oi Lhc best results the 
feed to the machine should be regular. 

The Snyder Sampler (Pig. 481) has the form of a circular pan with flaring 
sides, which is set edgewise on a revolving horizontal shaft A spout, h, proj('cti ng 
through the flaring side, passes under the feed spout, a. at each revolution of the 
machine and delivers a sample into the vsample spout c. During the rest of the 
revolution the material is diverted into the spout d. 

The Vezin Sampler (Pig. 482) has two hollow, truncated cones bolted to- 
gether at their large bases. They are attached to a cast iron spider, which is 
keyed to a vertical shaft. This shaft is supported by a collar at the upper end, 
is held in place by two guide boxes, and is driven at a constant sp{‘(‘d in one 
direction by beveled gears at the upper end. The upper cone carri(‘s om^ or 
more scoops, a, the openings of which have the form of sectors of a circle. The 
ore is fed from the spout h; and the portion that enters the scoops passes into 
the interior of the cones, and is conducted to the sample bin, or to the rolls if ir is 
to be further crushed. The main portion of the ore falls into a hopper and is 
spouted to storage bins or cars. 


* Though such a scoop may take onlv part of the stream at a given instant, it does take 
across the stream and virtually takes the whole stream part of the time 


a true section 
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The Gollom Sampler (Fig. 483) consists o£ one or more diverting scoops which 
pass through a stream of ore at stated intervals. The scoops are mounted on a 



FIG. 481. — SNYDER SAMPLER. 482. — ^VEZIN SAMPLER. 

horizontal arm carried by a vertical shaft. As a scoop passes through the stream 
of ore it cuts out a sample and delivers it, through a vertical spout beneath, 
into the sample bin or box, after which the run of ore goes on as before. The 



FIG. 483. — COLLOM SAMPLER. 


sliaft of the machine is supported and held in position by a step at its lower e^ 
and a guide box at its upper end. The machine is driven at a constant speed 

in one direction by beveled gear and pinion. . . 4.1 

In the Prunton Sampler (Fig. 484) the deflector ah is carried on the horizontal 


shaft c, and is given a forward 
and backward motion by means 
of the crank wheel, d, the con- 
necting arm, e, and the lever, 
f. I'hc end of the feed spout 
is brought down near the op- 
positely sloping faces, a and 
h, of the deflector; and the lat- 
ter oscillates far enough so that 
the scoop a, cuts completely 
across the stream of falling ore. 



A sample is thus defloctod to 434 ^ — britn'ton svmpt.er. 


the left by the scoop, a, 

and the rest of the ore is deflected to the right by h 
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. For the sake of simplicity neither of the above machines is made adjustable 
for varying the percentage of ore taken for a sample, but either of them could 
easily be so made if it was desired. Either of them is applicable for the feed or 
for the products of any machine in a mill, or for the general tailings. 

At Mill 87 a Vezin machine samples the smelting ore after it has been crushed 
to pass through a two-mesh screen. It has one scoop and takes one-sixteenth of 
the lot for the sample. At Mill 94 a Vezin machine with two scoops takes one- 
eighth of the ore for a sample, after it has been crushed to about % inch. This 
machine makes 15.2 revolutions a minute. At Mill 86 a Collom machine samples 
all of the ore after it has been crushed to pass through 9-mm. screen holes. In 
this ease there is a single horizontal arm with a radius of 1 foot 6 inches, re- 
volving eight times a minute. The scoop is J inch wide. At Mill 38 a modified 
Collom machine is used to sample the general miU tailings. In this case the 
scoop is carried by and delivers into a horizontal pipe, which is screwed into 
and revolves with a vertical pipe leading down to the sample box. At Mill 61 
the general tailings run into a reaction wheel, the stream reacting on the walls 
of ten l-inch horizontal pipes that have 90° elbows at the outer ends. Nine of 
these pipes are 2^ feet long and the streams are delivered horizontally through 
the elbows at their ends ; the tenth or sample pipe is 3 feet long and the stream is 
delivered vertically downward from its end. The vertical receiving pipe is 5 
inches in diameter. A sample is taken at each revolution as the sample pipe 
passes over a slot in the cover of a bucket. The machine gives satisfaction at this 
mill, but it does not conform to the rule of taking the whole stream part of the 
time. It takes its sample from one part of the stream ^part of the time. 

COMPARISON'S. — A good mechanical sampler has an advantage over hand sam- 
pling because it eliminates the possibility of intentional error. Moreover, it is 
in general cheaper. Fractional selection depends for its accuracy on the proba- 
bility that there will be less error in taking many small quantities distributed 
through the lot than in taking a few large quantities; while the accuracy of 
quartering depends on thorough mixing, which requires careful attention to the 
precautions mentioned in § 620. Quartering requires more labor than fractional 
selection, and is not practicable for very large lots, because it would require an 
excessive amount of space. 

§ 682. Data from Practice. — The following figures show the practice that has 
been developed by the experience of various engineers for reducing the size of the 
particles, and the weight of the sample, and are quoted by them as giving accurate 
results.* 

E. E.’ Burlingame, Denver, CoLORAno. 

Low grade ores. 

Take every 20th shovelful of the lot of ore, crush to 4 mesh and quarter 
to 100 pounds. 

100 pounds, crush to 20 mesh and reduce to 5 pounds. 

5 pounds, crush to 100 mesh and take several 6-ounce samples. 


in 4 ..S 1 e.- V”r Argrall recommends for difficult eold tellnridf* 

? w have been crushed by breakers to an average cube of about 

1 ^J^ch, that from a lot of 100 tons a sainple of 20 tons be taken by the first mechanical sampler This samoJe 
IS then crushed to H J^ch and ^mpled down to 2 tons by the second sampler. This is cnished to 5 mesh 
t hy nffli Off to^ pounds, which is dried and crushed to about 30 mesh (0 0171 ineh) and 

A grrinder which crushes to PO or 100 mesh 

reduceiniy nffiingr to 1 pound, which isfirround on a bucking board to pass throuirh a 120-mesli 
(0.004.mch) sieve. His pneral rule for lots of ore of the kind stated above is as follows • a mt .sii 

Lot of ore, crush to 1 inch, take 20jg of orisrinal lot. 

20^, crush to ^inch, take of original lot. 

1 crush to 8 mesh, take 0 (ym% of o? ipinal lot 
rr X . X. c^sh to 30 mesh, take 0.m% of origrinal lot 

He says that m practical work one takes larger quantities of the finer material, simply as a matter of e^ctra 
pi ecaiition, more especially so m mills where all the ore is ultimately ground fine ^ ^ matter or e.xtra 
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Rich or "'spotted"' ores. 

Take every 5th shovelful from the lot of ore, crush to 4 mesh and quarter 
to 500 pounds. 

500 pounds, crush to 20 mesh and reduce to 10 pounds. 

10 pounds, crush to 100 mesh and take several 6-ounee samples. 

Very rich ores. 

Crush the entire lot to 20 mesh and quarter to 500 pounds. 

A. E. Ledoux, New York City. 

Medium ores, 

60 ton lot, crush to 2 or 3 inches, take 10 tons. 

10 tons, crush to 1 or 2 inches, take 2 tons. 

2 tons, crush to 1 inch, take 1,000 pounds. 

1,000 pounds, crush to \ inch, take 250 pounds. 

250 pounds, crush to ^ inch, take 25 pounds. 

25 pounds, crush to inch, take 3 pounds. 

3 pounds, crush to ^ inch (100 mesh) and assay. 

Free gold, gold in pyrite, or copper sulphide ores, 

50 ton lot, crush all to 2 inches or less, take out 10 tons. 

Copper matte — 50 ton lot, crush all to 1 inch, take out 10 tons. 

Charles Butters, London, England. 

Fairly uniform ores, 

50 ton lot, crush to 3 inches, take 5 tons. 

5 tons, crush to 1 inch, take 1,000 pounds. 

1,000 pounds, crush to J inch, take 100 pounds. 

100 pounds, crush to J inch, take 10 pounds. 

10 pounds, crush to ^ inch, take 1 pound. 

1 pound, crush to 100 mesh, take assay sample. 

^Tf the ore might be separated into different values after crushing, on account 
of the richer part of the ore being more friable, I should be inclined when I had 
got down to 1,000 pounds to proceed by fifths instead of tenths, but with the 
same mesh.^^ 

Paul Johnson.^^ 

Silver-lead ( ?) ores assaying not more than 100 ounces silver per ton. 

Quarter the lot of mine ore to 2 tons. 

2 tons, crush to f inch, quarter to 500 pounds. 

500 pounds, crush to (?) inch, quarter to 250 pounds. 

250 pounds, crush to 10 mesh, quarter to 20 to 35 pounds. 

20 to 35 pounds, crush to 12 mesh, split s^hovel to 2 to 4 pounds. 

2 to 4 pounds, crush to 80 mesh and take 5 samples of 6 to 8 ounces. 

S. H. Pearce.*^ 

Lot crushed to 2 inches, take 1,200 pounds. 

1,200 pounds, crush to 1 inch, take 300 pounds. 

300 pounds, crush to ^ inch, take 80 pounds. 

80 pounds, crush to ^ inch, take 20 pounds. 

20 pounds, crush to inch, take 5 pounds. 

5 pounds, crush to inch, take 2 pounds. 

Pearce’s figures arc given as being suitable for the gold ores of the Eand 
district, South Africa, in which the gold ranges from perhaps 0.25 to 1 ounce 
per ton, and is in fine particles, partly free and partly contained in pyrite. 

§ 623. Principles of Sampling. — As already stated, sampling involves two 
operations, which proceed by alternate stages: (1) cutting down, or reducing the 
weight of the sample, and (2) crushing, or reducing the size of the particles. 

The finer the crushing for any given weight the more accurate will the sample 

be. There is, however, for any ore a size of particle for each weight finer than 
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which the advantage gained by further crushing is practically nil; and further 
crushing, therefore, simply involves useless work. To settle upon a system of 
sampling we must adopt a series of weights for the cutting down, and a corre- 
sponding series of sizes to which the ore must be crushed before being cut down. 
The simplest rule, adopted by Vezin^^ in 1866, is: first, to decide wiiat weight 
{w) should be taken for assay or analysis after the ore has been ground to 
100-mesh (approximately 0.125 mm. diameter) ; second, to compute the number 
(n) of maximum sized grains passing through a 100-mesh screen that would 
weigh {w) \ and third, to cut down to a weight after each crushing which will 
be equal to n of the maximum sized particles. 

This rule may be said to use a constant number of particles whatever their 
size. The following figures show the weights of different sizes required by this 
rule on the basis of 0.1 assay ton (2.917 grams) of ore through a 100-mesh screen 
(0.125 mm.) : 


128 

mm. 

3,131 

metric 

tons. 

64 


391 

gg 

ce 

32 

cc 

48.9 

<« 

<e 

16 

<( 

6.12 

gg 


8 

Ci 

764.6 

kilos. 


4 

eg 

95.57 

gg 


2 

gg 

11.95 

gg 


1 

gg 

1.493 " 


0.5 

gg 

186.7 

grams. 


0.25 

gg 

23.33 

gg 


0.125 

gg 

2.917 « 



The above rule demands finer crushing than practice indicates to be necessary, 
and it is, therefore, more expensive than is wise. The sampling works and 
assayers have made approximations to rules deviating from the above, to save 
the excessive cost, and yet be accurate enough for purposes of buying and selling ; 
and several sets of such figures have been given in § 622. 

Brunton^ has suggested the following considerations as a basis for sampling: 
(1) the ratio of the assay of the richest particle to the average of the ore; (2) 
the relative specific gravities of the heavy mineral and the gangue; (3) the ratio 
between the weight of the largest actual particle that will pass through a given 
sized square hole, and the weight of the largest cube that would go through the 
same hole; and (4) the number of richest particles likely to be in excess or 
deficit. Brunton^s results, however, show quantities that are largely in excess 
of practice; and the author thinks this is due to the omission of the following 
principle: (5) the larger the single lump the more nearly it represents a perfect 
sample. If, for example, on the one hand a lot of ore weighing 50 tons was in a 
single lump, that one lump would be a perfect sample. If on the other hand the 
ore was so fine that there were no included grains, then no single lump could 
be a true sample. We see, therefore, that in the coarser sizes it is noi noc(\ssarv, 
either practically or theoretically, to take as large a sample as is required bv 
the rule that calls for the equivalent of a constant number of maximum sized 
particles. This last principle appears to be of more consequence in settling tli(' 
law of cutting down than all the others, and in fact completely overshadows 
them. It is applied, either consciously or unconsciously, in all practical samp- 
ling. The author believes that the most satisfactory rnlo will be based on the 
practice developed in the buying and selling of ores. Now an examination of the 
data quoted in § 622 shows that in each case the weights vary approximately in 
proportion to the squares of the diameters of the particles. Bv adopting tlie 
rule that the weight shall be proportional to the square of the diameier of the 
largest particles, we shall obtain a set of figures that will in all probability meet 
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the approval of practising engineers; and which have a definite basis, and 
thereby do away with a great deal of guess work. Such a set is given in Table 
369, and, for convenience of interpolation, on Fig. 485. Each column in the 



table is based on one of the figures quoted above from practice— the very low 
grade or very uniform ores (that is, those in which the values are very evenly 
distributed) on Pearce^s 1,200 pounds of 2-inch lumps; the low grade or uniform 
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TABLE 369. — WEIGHTS TO BE TAKEN IN SAMPLING ORE. 


Weight 

Diameters of Largest Particle. 

Very Low Grade 
or very Uniform 
Ores. 

Low Grade or 
Uniform Ores. 

Medium Ores. 

Rich or 
“Spotted’’ 
Ores. 

Very Rich or 
Excessively 
“ Spotted ” 
Ores. 

Grams. 

Pounds. 



Mm. 

Mm. 

Mm 

Mm. 

Mm. 

Mm. 


20,000 

207 

114 

76.2 

50.8 

31.6 

5.4 


10,000 

147 

80.8 

58.9 

85.9 

22.4 

3.8 


6,000 

104 

56.8 

88.1 

26.4 

16.8 

2.7 


2,000 

65.6 

85.9 

24.1 

16.1 

10.0 

1.7 


1,000 

46.4 

25.4 


11.4 

7.1 

1.2 


500 

32.8 

18.0 


8.0 

6.0 

0.85 


200 

20.7 

11.4 

7.6 

5.1 

8.2 

0.64 


100 

14.7 

8.0 

5.4 

8.6 

2.2 

0.88 


50 

10.4 

6.7 

8.8 

2.5 

1.6 

0.27 


20 

6.6 

8.6 

2.4 

1.6 

1.0 

0.17 


10 

4.6 

2.5 

1.7 

1.1 

0.71 

0.12 


5 

8.3 

1.8 

1.2 

0.80 

0.60 



2 

2.1 

1.1 

0.76 

0.61 

0.82 



1 

1.5 

0.80 

0.54 

0.86 

0.22 



0.5 

1.0 

t 0.57 

0.88 

0.25 

0.16 


90 

0.2 

0.66 


0.24 

0.16 

0.10 


45 

0.1 

0.46 

0.25 

0.17 

0.11 



22.5 

0.05 

0.83 

0.18 

0.12 




9 

0.02 

0.21 

0.11 





4.5 

0.01 

0.15 






2.25 

0.005 

0.10 







ores on Butter’s 1,000 pounds of 1-inch lumps, which gives nearly the same 
results as J ohnson’s 500 pounds of f-inch lumps ; the medium ores on Ledoux’s 
10-tons of 2 to 3-inch lumps; the rich or ^^spotted” ores (that is, those in which 
the values are quite unevenly distributed) on Burlingame’s 500 pounds of 4- 
mesh (5 mm.) lumps; and the very rich or excessively ^^spotted” ores (such as 
many free gold ores and teliuride ores) on Burlingame’s 500 pounds of ?0-mesh 
(0.85 mm.) ore. This last class is very difficult to sample; so much so that 
usually the only satisfactory way is to make a mill test of 10 tons or more, 
keeping a careful account of the value extracted and of all weights, and then 
sampling and assaying the tailings. An example of this is given in ^ 893. High 
grade ores (although their values may be quite uniformly distributed) are classed 
with ^^spotted” ores, because their values must be determined with greater pro- 
portional accuracy than low grade ores, in order to prevent considerable loss to 
the buyer or the seller. 

It is not intended that the reduction in size shall proceed by all the stages 
indicated in either column of Table 369 ; but whenever any weight given in the 
first column is taken as a sample, the ore should first be crushed to the corre- 
sponding size shown in one of the other columns. For example, with a 20,000- 
pound (10 ton) lot of low grade ore, we might crush the entire lot to 25.4 mm. 
and take 1,000 pounds for a sample. If this was all reduced to 2.5-mm. size 
the quantity could be reduced to 10 pounds; and then by grinding to 0.80 inm. 
(about 20 mesh) we could safely reduce the weight to 1 pound. If, liowcwer, 
it was necessary to produce the least amount of fines, the successive weights of 
sample might be 5,000, 1,000, 200, 50, 10 and 1 pounds; with c()rr(‘^ponding 
reductions in size to 56.8, 25.4, 11.4, 5.7, 2.5 and 0.80 mm. Wlien a loi is 
crushed fine enough to permit a large reduction in weight, it is safer to make 
this reduction by several successive mixings and quarterings than by a single 
operation. 

In exceptional eases where serious losses would occur in concentrating or smelt- 
ing if the ore was crushed as finely as indicated above, it is considered bcti(‘r 
to make a certain sacrifice in the accuracy of sampling by taking smaller samples. 
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§ 624. Automatic Feeders are mechanical devices intended to avoid the 
necessity of hand feeding. When once set they should deliver the ore as nearly 
as possible at a definite rate (in pounds per minute), and they should be ad- 
justable to feed fast or slow. In the case of a stamp battery the rate is auto- 
matically regulated by the action of the battery itself. The feeder should not 
concentrate the ore, delivering richer material at first and poorer later, or vice 
versa, but must deliver a uniform quality of material throughout. Clayey or 
other sticky ores cause difficulty with some feeders. 

Hendy's Challenge Feeder for gravity stamps, Fig. 486, consists of a circular 
table, a, inclined about 12-J®, and slowly revolved by beveled gears beneath. 


•i 



A sheet iron hopper, v, delivers the ore on one side of this table, and a fixed 
scraper, c, is so arranged that when the ore reaches a certain point it is scraped 
into the stamp mortar. The quantity of ore delivered from the hopper to the 
table is regulated by an adjustable gate, h. The table stands upon a short 
inclined shaft and stop, d. It has a beveled gear cast upon its under side. 
Power is brought to it by the pinion, c, the shaft, f, the friction pawls, g, the 
lever, h, the connecting rod, m>, the lever, n, shaft, a, lever, p, and the buffer 
rod, r. A spring, I, returns the lever, Jc, to its place after each stroke, but the 
friction brake, prevents the jihaft from turning back. The lever, h. is at- 
tached to the inner rim, h\ which is loose upon the shaft, f, and drives by 
friction the outer ends of the pawls, g. The inner ends of the pawls are at- 
tached to the shaft, f. When the ore 'level on the dies of the stamp battery is 
low enough, the tappet of the stamp strikes the buffer, r. and feeds more ore. 
The amount of each movement is limited by means of the hand screw, s. which 
is clamped in place by the lock nut, t. The feeder is sometimes used for other 
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machines than stamps, and is then operated by a cam and spring acting on the 
lever, h, the -amount of movement of the lever being adjusted by hand screw and 
lock nut ; or it may be operated by an adjustable eccentric at the upper end of 
the rod, m, and in that ease the spring, I, is thrown out of action. This machine 
feeds even clayey and sticky ores witiiout much difficulty. 

The Oates Feeder (Fig. 487) consists of a stirrup, a, with curved bottom, 
hung by two supports, h, and oscillating beneath the chute, Cy on top of which 
the feed hopper is set. In the middle of the chute is a fixed cross partition, d, 
which nearly touches the stirrup, while the front and back sides of the chute 
approach only within two or three inches of it. The stirrup extends laterally 
far enough beyond the two sides of the chute to prevent the pressure of the ore 
above from discharging anything when the stirrup is not moving, but as the 
latter swings the central partition forces out a certain quantity of ore from each 
side alternately. At the point e the stirrup is connected by an arm to a crank 



pin, which is made adjustable to vary the rate of feed. This feeder was cspcciallv 
designed for rolls, to he driven from the roll shaft; but is adapted to various 
other uses. A modification is applied to stamps, in which ease it is driven bv a 
buffer-rod, lever and linkage. This form discharges only from the front, the 
back of the hopper coming down close to the stirrup, and forcing the oro out as 
the stirrup swings backward. The machine is said to successfully feed either 
sticky or granular ores. 

The Roller Feeder consists of a horizontal roller revolving slowly at the hot tom 
of a hopper, the discharge of which is stopped by the roller except as the latter 
carries out the ore. The roller may have either a smooth or a corrugated surface, 
and is revolved by belt, ratchet and pawl, or otherwise. It works well with granu- 
lar ore, but is not so good for sticky ore. Among the roller feeders are the T('m- 
pleton and the HammoTid. Eoller feeders are shown in Figs. and ^08^. 

The Tulloch Feeder (Fig. 488) has a sheet iron hopper a, with a jerking 
chute & beneath it. This chute is suspended from a frame by iwo rods at the 
sides and one behind. It is given a forward motion by the cam c, and bell crank 
lever d; and is then drawn back sharply bv the spring e. 'Flie forward motion 
carries a small quantity of ore from the hopper, and the quick return eau«es Hie 
ore near the end of the chute to drop off. The quantity of ore fed at eacli stroke 
IS controlled by an adjustable gate at the bottom of the hopper. The machine is 
also mounted for gravity stamps, being driven from a falling stamp by a system 
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of levers. In this ease the chute receives its sudden backward motion when the 
stamp tappet strikes the buffer-rod, and is then pushed forward by a spring. 
The Tulloch is good for granular, but not for sticky ores. 



FIG. 488. — TOTLOOH OKE FBEDEE. 


Pig. 489 ^hows a simple and effective feeder for dry and comparatively fine 
material. The hopper a delivers to an inclined chute h, which is hinged at c 
and receives vertical vibrations from the revolving octagonal shaft d. The 
shaft makes 135 to 130 revolutions a minute. The length of the vibrations can 
be varied by means of the supporting cord and roller e. 



Sliding mock Feeder.— In Mill 30 a sliding block feeder Aelivers the ore 
to No. 1 rolls. This feeder (Fig. 490) consists of a plunger which, by means 
rf a crank and eonnoeting rod is moved forward and back in a trough b^ea 
1 hopper so as to alternately open and close the apex of the hopper. Ihe p unger 
is made of Jt-ineh steel plate braced inside. Tt is 10 inches high and 15 inches 
vide. As the plunger moves backward a certain amount of 

it, and on the return stroke is pushed forward to the rolls. The total throw of 
the crank is \\ inches. The trough slopes i inch per foot toward the rolls. 
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Cornish Feeders have no moving parts, but are operated by the action of a 
stream of water directed against a bank of ore. _ In Fig. 491, a is a chute with 
its bottom sloping from the two sides to the middle, 5 is a pipe feedmg water 
centrally, and c is a hopper. The two sides and the upper end of the hopper 
are supported an inch above the chute by comer supports, while the lower end d 
reaches down to the chute. Ore being charged into the hopper, a stream of 
water from the pipe 6 gradually washes it down, discharging it on both sid^ 
of the hopper. To prevent backing up of the water, followed by a sudden rush 
of ore and water, the chute must have a considerable slope, say to 3 
per foot. The space e must be wide, perhaps 4 inches, and the front end of the 
hopper reach to the bottom of the chute. With the details as shown, a granular 
ore is delivered regularly and evenly from both sides of the hopper. The feeder, 



no. 491. — CORNISH ORE FEEDER. FIG. 493. — ^DISTRIBUTOR AT MILL 22. 


however, is not adapted for sticky ores or for coarse sizes. The detail- shown 
in the figure are those of a laboratory apparatus, but the same general principle 
is used in mills. 

Summary , — The following summary indicates the extent to which mechanical 
feeding is used: Of 31 mills using gravity stamps, 25 use Hendy Challenge 
feeders for the stamps, 2 use roller feeders, 1 uses an un designated style, 
and in the 3 other cases jig tailings either run to the stamps by gravity or 
are fed by hand. Although the principal use of automatic feeders is for gravity 
stamps, they are also considerably used for other machines. For example, 
Tulloch feeders are used for rolls in Mills 26, 32, 34 and 35, for the Bryan mill 
in Mill 26, and for trommels in Mills 27 and 28. TTendv h'oders are used for 
rolls in Mill 87, for Huntington mills in Mills 27 and 28, and for No. 1 trommel 
in Mill 37. Boiler feeders are used for rolls in Mills 22 and 91, for the Critlin 
mill in Mill 72, and for screens in Mill 91. Tn Mill 94 a Briart automatic bar 
screen (see end of § 270) feeds a breaker. 
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Th6 Woodbury vaniier uses a special form of distributor, which consists of a 
revolving pot delivering through a spout to the successive divisions of a fan- 
shaped distributor with radiating blades. (See Fig. 387.) adjust- 

able conveyor is used to distribute the ore to different parts of a bin. (See § 627.) 
The distributors used between gravity stamps and amalgamating plates are 

described in § 521. , . -i . 

In Mill 91 an effective device (Fig. 493) is used to evenly distribute the ore 
to the drier, after being reduced to a maximum diameter of about ^ inch (12.7 
mm.). The ore being fed in quantity into the hopper, 1, is divided into a number 
of streams by the diverging partitions, 2, at the bottom of wihich is the X-shaped 
divider, 3. Each of the upper arms of the X is a series of alternate dams and 
openings, each dam on one side being opposite a space on the other sidej but 
the two lower arms of the X have no openings. The ore is thus divided into a 
number of streams, half of which go to the right and half to the left, and are 




FIG. 493. — ^Edison’s distributor. 

discharged upon the two dividers, 4, the dams of which lap half way ou the 
openings of the divider, 3. The same division of the ore continues througli iho 
dividers 4. 5, 6 and 7, the result being that the ore is distributed in a large 
number of equal streams. 


Water Eegulators. 

§ 626. It is important that water should be supplied to all the machines under 
a constant head. Without this it is impossible io n'giilate the supply to the 
machines. The best way to get a constant head is io have a large supply tank 
which constantly overflows. Wherever several machines draw water from ihe 
same pipe, this pipe must be so large that the regulation of water on one machine 
affects only slightly the quantity supplied to the others. Strainers to remov<‘ 
•sticks and other obstructions, must be used on pumps lifting water to supplv 
tanks, and it will ofien be necessary to use fine strainers on the pipes conned ing 
the supply tanks with the machines where very close regulation of water is ne(‘ded. 
The reader is referred to Trautwine’s Civil Engineer’s Porketbook, and to Kent’s 
Mechanical Engineer’s Pockethook, for rules and forniuhe for planning 
for mill work. 

To get fhe right quantity of water on starting after a stop, dial cocks are very 
convenient. They have been adopted by several manufacturers for the cocks 
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supplying hydraulic water to classifiers. Another method is the two-cock sys- 
tem: one cock is permanently set for a desired quantity of water, while the 
other is used to let on and shut ofi the water; in place of the first cock a pipe 
union with a perforated disk of metal may be used, the size of the hole in the 
disk being such that it will pass the quantity of water desired. 


Appliances for Conveying and Elevating Ore and Water 

Ore or sand, wiih or without water, may be lifted and conveyed in a number of 
ways: by conveyors, bucket and platform elevators, sand wheels and pumps. 


conveyors. 


§ 627. There are two chief classes of conveyors: 1st, those of the endless belt 
type, which move forward with the product to be conveyed (for example, rubber 
belts, chain belts with pans, chain belts with buckets, chain scrapers moving in. 
troughs) ; and 2d, those in which the product is moved by the propelling motion 
of a screrw thread or by the jerking of an oscillating tube or trough. Those of the 
first class are used for conveying on an up grade as well as on a level or a down 
grade; those of the second only for level or down grade. 

Rubber Belt Conveyors, which are more commonly used than any other 
form, consist of endless belts running on two large pulleys or drums, and with 
intermediate supporting rollers. The belts have to be of special quality of rubber 
to withstand the wear, while cotton duck furnishes the strength. The greatest 
wear comes on the middle portion of the belt, and to overcome this the Robins 
belt has a thicker layer of rubber in the center. 

The design of the supporting and guiding rollers is important. There are five 
different designs : in the five-roller form (Robins, Pig. 494) 1 is the main sup- 



fig. 494. 



fig. 495. 



FTG. 496. 



fig. 497. 


poriing roller, 2, 2 give Ihe belt a trough shape, and 3, 3 guide the belt. In 
llie four-roller design (JoiTrey, Fig. 495), 1, 1 support the belt and give it a 
trough form, wlul<‘'2, 2 guide (he bedt. The conical (roughing roller (Robins, 
Fig. 19()) ih 7 ioi suijal)le for bells more than 14 inches wide, because the un- 
av(>idal)le slip on the beveled portion of the roller wears the belt. With the 
singl(‘ rolh'r wilh skirl hoards (Fig. 497) the ore is prevented from creeping off 
the edg(‘ by tlu' skid boards 1,1, but the belt is apt to be cut by lumps that be- 
(^orne wedged tieneaih tlie skirt boards. With the plain, single roller without 
skirt boards (h(‘ b(‘li can carry only a thin layer of ore, and therefore the ea- 




860 


ORB DRESSING. 


§ 627 

.facity is small compared with the other forms. In these last two forms the belt 
is guided by the end rollers, which are made crowning in the center. ^ The sup- 
porting rollers are placed near together (4 to 6 feet apart, according to the 
amount of ore carried) to avoid sagging of the belt. The idlers beneath^ for the 
return of the belt may be twice as far apart as the upper set, and may be simple 
flat rollers, whatever the design of the upper set. 

It is better to apply the power at the delivery end than^ at the receiving end, 
because in that case the tight part carries the ore. The pillow blocks of one of 
the end rollers should be adjustable by set screws, to take up slack in the belt. 
The driving pulley should be of sufficient diameter to transmit the power without 
slipping. In order to lessen the wear on the belt the ore should be delivered to 
it with as little drop and at as small an angle as possible, and should be moving 
forward with the same velocity as the belt. In Mill 92 the ore from No, 1 
breaker is separated by a screen, the fine falling upon the belt first, and so 
protecting it from the tearing action of the coarse lumps. 

Kubber belt conveyors usually discharge at one end, but at Mill 84 the ore is 
discharged at any desired point along the side by fixing an oblique scraper at 
that point. The Robins Conveying Belt Co. make special trippers for this pur- 
pose in which the belt moves up a short incline to a roller, then passes downward 
and backward, and around another roller, and again moves along in its normal 
direction. In making the reverse turn at the top the belt delivers its load into 
a side-discharging hopper. The tripper is so constructed as to move back and 
forth automatically, and thus distribute the ore in a long bin; but it may also 
be set to deliver all the ore at any one place. 

The belt conveyor in Mill 61 is arranged to distribute the ore in the bin, which 
is 52 feet long. The conveyor is 29 feet long, and the frame that supports it 
runs upon a truck, and can be rolled in the direction of its length so as to 
deliver the ore to different parts of the bin. Power is applied at the receiving 
end by means of a rope and grooved pulley, with a take-up which allows the 
truck to move to different positions. The belt runs in either direction. 

Pan or Plate Conveyors consist of a series of steel pans or plates riveted 
or bolted to link belts. In some cases rollers are attached to the link pins, on(‘ 
on each side of each pan, to support the conveyor; in oilier cases the pans run 
upon stationary rollers. At each end of the conveyor tlie bolts pass over poly- 
gonal sprocket wheels, and power is received through the one at the delivery end 
Edison puts in an extra sprocket Wheel near the end so as to drive by a dinn*! 
pull. These sprocket wheels also serve to guide the belt. The pans linv(‘ 
rectangular, flat bottoms, and may have sides flaring upward. If the conveyo- 
has little or no slope the pans are open at the front and back, and the front odg(‘ 
laps on the rear edge of the preceding pan in order to provimt any ore from 
dropping through. If, however, the conveyor has an appreciable slope upward 
the pans have raised backs. When simple flat plates without rais(‘d si(lt‘s an* 
used, they require skirt hoards along the sides to prevent Ihe ore falling off. 

A Scraping Conveyor consists of a series of steel scrapers rivided or bolted 
to the links of an endless chain, and drawn along in a steel trough. In some (‘as<*s 
rollers attached to the link pins run on a track and keep tin* scrap(*rs off the 
bottom of the trough. In other cases the scrapers move along on the boltom. 

A Bucket Conveyor consists of a series of steel buckets hung on trunnion.n 
between two parallel link belts in such a manner that the })uckots remain uprighi 
in whatever direction they move. As the buckets move contimiouhly they re- 
quire special arrangements for filling, and they can be emptied at any point h\ 
automatic tipping arrangements. They are considerably used in coal stora<^( 
plants. ^ 
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In Mill 26 a conveyor is used consisting of ordinary elevator buckets fastened 
to a rubber belt. It rises 16 feet in a length of 47 feet 6 inches, and runs 240 
feet per minute. The belt is old belt from No. 1 or No. 2 elevator. The cups 
are 7 inches long, 4rJ inches wide and 4J inches deep made of No. 2 (Birming- 
ham Wire Gauge) steel and placed 20 inches apart. They cost $0.60 eaSi 
and last 1 to 2 years. The head pulley is 28 inches diameter and the boot pulley 
is 24 inches. The cost of repairs other than for cups is nominal. 

The Edison distributing conveyor is a bucket conveyor with narrow transverse 
slots running the full length of the bottom of the buckets. Ifee buckets are 
suspended between links Which join the axles of the carrying wheels, and their 
bottoms are about 3 inches above the bottom of a long trough that has a number 
of transverse discharge slots at suitable intervals. In AfiH 91 the buckets are 
2 feet 7 inches long, 6^ inches deep, and about 8 inches wide; and the axles 
of the wheels are 1 foot from center to center. When the conveyor is first started 
a certain amount of ore distributes itself along the trough up to the bottoms of 
the buckets. The buckets move along this false bottom, discharging their con- 
tents through the slots in the trough beneath. Each slot receives about' the 
same quantity of ore from each bucket until the latter is empty. The lower 
edge of the bucket is chilled to withstand wear. The conveyor is driven by a 
sprocket wheel on the straight part of the chain near one of the end sprocket 
wheels. Each journal has a dust tight oil reservoir on it. (See Fig. 629.) 
One of these conveyors at Mill 91 is 350 feet long, has a speed of 150 feet a min- 
ute and a capacity of 600 tons per hour. It requires 5 horse power when run- 
ning empty, and but little more when running full. 

Table 370 shows the dimensions and kinds of belts used for conveyors in some 
of the mills. 


TABLE 370. — ENDLESS BELT CONVEYORS. 


Mill Number. 

Conveyor No. 

Length. 
Feet. Inches. 

Width of Belt. 
Inches 

Kind of Belt. 

Speed. 

Feet per Minute. 

26 




Old rubber elevator belt. 

240 

.<V) 

1 

85 

(a) 

Pans 

60 

.?o 

2 


(Jb) 

Pans (c) 

60 

4.3 


7 2 

10 

6-ply rubber 

85 

61 


29 

20 

Rubber 


fU 



12 

Old rubber belt. 

28 

<10 



18 

Rubber 

112 

01. 

1 


31 

Robins rubber 


01. 

3 

8,50 


Edison scraper 

'i'sb 

01 

4 

500 


Edison buckets 

160 

91 

6 

60 


Edison buckets 

150 


(a) 23J^ inches at top, 21 inches at bottom, G inches deep (6) 28^ inches at top, 21 inches at bottom, 8 
inches deep, (c) These pans have bucks 5 inches high, because the conveyor has an upward slope of 39® 50'. 


SoREAV C’oNVicYorts aro revolving shafts, horizontal or nearly so, with attached 
helical blades resettibling screw threads which work in semi-circular troughs. 
They arc soinclirrics used to convey comparatively fine dry ore, as for instance 
in Mill !)'1, where one of them distributes the undersize of the 20-mesh trommels 
to several bins. I’bcir mo.sl common use in connection with ore treatment is 
in dry crushing silver mills, where they collect the pulverized ore from the dry 
stamps, and carry it to the elevator on its way to the roasting furnaces. 

Jekkinci Thoogiis. — At Mill 44 the coarse concentrates from the automatic 
discharges on the coarse jigs are conveyed to the shipping car in a jerking pipe. 
This is about 2 inches in' diameter, slopes slightly downward, and is perhaps 30 
feet long. It is fed through a slot in the pipe at the upper end by a hopper, 
is driven by a disk motion and delivers the concentrates to the shipping car. 
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ELEVATOES. 

§628. The following machines are used to elevate ore and water: bucket 
elevators, platform elevators, sand w'heels and various forms of pumps. 

Bucket Elevators are used for gravel or sand, with or without water. They 
are endless belts with buckets attached, running upon two pulleys, one above 
and one below. The direction of lift, in different cases, varies from vertical to 
an inclination of perhaps 15® or 20° toward the downcoming side. With an 
inclined belt, intermediate supporting rollers are provided for the upgoing side 
of the belt. The upper pulley generally drives the belt, receiving power ftrom a 
side pulley. The lower pulley is hung in sliding boxes, which can be moved by 
tension screws to tighten the belt. The whole is often housed in a tight box, 
the lower part of which is called the boot, and is provided with a receiving spout. 
The boot sometimes extends beyond the rest of the housing and is open at the top. 
There are doors in the housing to permit repairs, oiling and cleaning. Some 
mills have semi-circular metal boots made so as to be dropped for ease of cleaning, 
etc. The buckets on the belt come down on the under side, scoop up the ore from 
the boot as they turn on the lower pulley (or receive the ore directly from a spout 
just after they turn the pulley) , carry it to the top on the upper side of the belt, 
and throw it out to the discharge spout by centrifugal force as they pass over the 
top pulley. The discharge spout should be covered for a few feet, to confine the 
ore in the spout. In order to prevent excessive wear at the point where the ore 
strikes the spout, it is well to construct the latter so that a protecting cover 
of ore shall be retained at that point. If this is not done the wear may be taken 
by a cast iron plate. The speed of travel must be such that the buckets will 
throw their contents far enough, by centrifugal force, to make a clean discharge. 
The belt speeds found in the mills, with a few exceptions, range from 200 to 400 
feet a minute, 300 feet being the most common figure. 

As elevators are subject to a good deal of wear they should bo inspected fre- 
quently. Six of the mills report that inspections are made daily, one every tliree 
days, one weekly, one monthly, and one whenever the mill is stopped for any 
considerable time. 

The belt is usually of rubber. Of 30 mills using bucket elevators, 26 use 
rubber belts, 3 have malleable iron link belts and 1 has wire ropes. The rnaforial 
for rubber belts should be of special quality, having an extra coating of rubber 
to withstand the wear of the ore. The ends of the belt are laced tog('thor in 
the usual way, and the buckets are riveted or bolted to the bedt. The spaces 
between the buckets vary in the mills from 12 to 24 inclies belw('cn centers, with 
one exceptional case of 36 inches. The belt is usually wide enough to ('vti'iid 
^ inch or 1 inch beyond the buckets on each side. The life of rubber belts given 
in Table 371, is from 2 months to 4 years. This great rang(‘ Js largcdv du(‘ to 
differences in the amount of ore handled, and in the amount of lime: but it 
is also partly due to different qualities of bolt. 

The Gandy belting, used for elevators in Mill 92, is nnnh' of ('otiun dink with 
a number of longitudinal rows of stitching, Tli(‘ warp thi(*a(l^ an' lai‘g(‘r than 
the woof threads, for the sake of strength. Afhw iho b('H lias bism .-iiidied it 
is thoroughly saturated with linseed oil, and then painted. 

Link belts are of two kinds: the pin-and-link, and th(' d(‘ta('hah!<' link, in which 
the cross bar of one link mates with the one or two hooks of Ihe m'xt. The 
buckets are riveted or bolted to the links of the chain. This form of Ixdt has 
the advantage of great strength ; all parts are nearly equally strong. They have 
no weak point like the lacing of the rubber bolt. Their disadvantage is in th(' 
wear of metal, due to grit. This is particularly true when they are run wet. 
The chains usually run over sprocket wheels, though witli special’ forms of links 
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TABLE 371. — BUCKET ELEVATORS. 
Abbreviations.— Ft. = f eet ; In. = inches. 


II a 







5 

bn 

4 

6 


a 

0. 


& 


a 


0 


In. 

In. 

Im^ 


28 

50 

15 

38 24 


5-ply rubber. . . 40 weeks. . 
“ ... 3to4years. 


.... 36 

14 80 

30 30 

.... 24 

20 24 

36^ 24 

16 24 

46U a 80, 24 

41 

18 30 


Rubber 

9- ply rubber. . . 9 weeks. . . . 

G-ply rubber 

“ ... 24 weeks... 

4-ply rubber. . . 6 months . . 

. Link chain 10 months . 

4-ply rubber... “ 

10- ply rubber. . 6 months . 
8-pV rubber... 

6-ply rubber. . . 2 months . 
“ ... 3 months... 


7 6 16J^ Pressed steel 3 years. 

5 5 2 years. 

5 5 

15 5 12 Pressed st^l 9wee^. 


5J4 4 21 6-8 months. 

4 .... 21 24 weeks. 

6 4 20 Riveted sheet steel 10 months. 

8 4 24 Pressed steel 18 months. 

5J4 6 18 6 months. 

5 5 36 12 months. 

7 6 24 Malleable iron 3 months. 

7 6 24 


60-120 days. 
6-8 months. 


5 

26 

80 



29-1 



18 

Belt 

2 



10 


80-1 

29 

a 24, 30 

16 

7-ply rubber... 

2 

12 

24 

12 

6-ply rubber... 

8 

30 



12 

31-1 

38 

42 

8 


2 

38 

36 

12 

7-ply rubber. . . 

3 

80 

36 

12 

32 

50 


14 

8-ply rubber... 

84-1 

26 


12 

5-ply rubber... 

2 

3 

20 

‘6ii 



12 

12 

35-1 b 

40 

' ■ *40* ‘ ' 

12 

7-ply rubber... 

2 

40 

40 

12 

87-1 


48 

16 

Belt .'!! 

2 


48 

16 


38-1 c 

50 ' 

24 

J2 

8-ply 1 : ■■ 

2 

30 

36 

12 


39-1 

30 

30 

10 


2 

35 

36 

12 


4 

.55 


12 


40-1 

60 

"’ 36 ”’ 

14 

10-ply rubber.. 

2 

3 

32^ 

36 

12 

12 



10 ^ 534 
8 


375 14 7' 

300 10 6 

10 6 

200 11 .. 

200 11 . . 

200 11 .. 

800 14 . 

812 10 6 

10 6 

820 10 6 

470 11 6 

11 6 


lO-ply rubber 


26 weeks 
24 weeks. 


H ply rubber 

6 ply rubber . 18 months 


S-pIy rubber. . H niuntbs 
li.dt . . 


iiTi 

40 

60 (fj) 38 
.. (y)38 
60 (g) 38 


(/;l.jnk . 

(/O 

... Win* rope 

(I) 

6 2-ply “ (bandy ’ 
I ;{-pIy “ (buidy ’ 
10 6 ply “Gandy’ 


1 6 
300 12 7 

400 10 6 

400 12 7 

400 12 7 

»)8 12 7 

358 12 7 

.. ..12 7 

400 12 7 

18 8 

400 12 8 

200 

2(M) n .5 

250 10 514 

to 

.. .. H 5 

12 7 

270 I IK. JO 
210 10 


150 36 IIS 

. , 21 18 

2,50 21 18 

145 10 6 

260 6 4 


. 16 weeks. 
. 16 weeks. 


16 Malleable iron . 
16 


15 Malleable iron. 
15 


, 15 weeks- 
40 weeks. 
. 16 weeks. 
14 weeks- 

16 weeks. 
, 16 weeks. 



16 

16 

Malleable iron 

5-6 years. 





12 

Malleable iron 

2 years. 

6* 

24 













18* 

21 

24 



7 







12 1 



16 



16 



14 







^r) Tbes(‘ are tlui diameters ot the top and bottom pulleys respectively, (b) Carnes 2^0 to 300 tons of ore 
in 24 hours, (r) Carnes 150 tons of on. in 24 hours (<t) Two ot the.se elevators One carries ^ tons of ^nd 
and .^60 tons of wab^r; the other carne.s 44 tons of sand and 240 tons of water in 24 hours ,e) Carnes tons 
of ore in 24 hours. (/) The links are ,5 inches wide (y) This is a smooth pulley, (/i) Eight wire ropes 94 inch 
in diameter, (i) Heavy steel chain 
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smooth wheels are used. Link belt elevators are sometimes provided with special 
dumping devices which do not require centrifugal force to discharge them, and 
they can, therefore, be run at a slower speed than is necessary with rubber belts. 
The reader is referred to the catalogues of manufacturers for these devices. 

Wire rope has displaced the usual rubber belt for elevators in Mill 91. Eight 
wire ropes f inch in diameter are held at proper distances apart by a series of 
transverse iron grooved clamps with bolts ^ and the buckets are attached to these 
clamps. The ropes are very flexible (probably that known as tiller rope), and 
run over smooth pulleys 38 inches in diameter. ^ When the elevator has a slope 
the buckets carry flanged wheels, which run on side tracks ; but when the elevator 
is vertical the belt is kept tight by a 1,000-pound weight suspended from the 
boxes of the lower pulley. Mr. Edison reports that for N'o. 2 elevator a rubber 
belt lasted three days and a link belt lasted a week, while the wire rope elevator 
lasts indefinitely. It should be said, however, that the ore is not wet. 

The buckets for elevators are made of pressed steel, riveted sheet steel, or 
malleable iron. The lists of the Jeffrey Manufacturing Company show buckets 
of any width (that is, projection from the belt) from 2 to 8 inches; of any 
length (that is, dimension across the belt) from 2 to 26 inches ; and of any thick- 
ness of plate from 0.083 to 0.203 inch (No. 14 to No. 6 B. W. 6.). The depths 
are not stated. In all eases the buckets are water tight, except when it is desired 
to raise the ore and leave the water behind, and then the buckets are perforated. 

The capacity of a bucket elevator depends on the size of the buckets, the space 
between the buckets and the speed of travel. The following figures, for the 
common sizes of buckets used in the mills are based on data from the catalogue 
of the Jeffrey Manufacturing Company. The buckets are assumed to be 12 
inches between centers, and the speed 300 feet a minute. It is also assumed 
that every bucket is full; but as the feed to elevators is never perfectly regular 
a liberal margin has to be allowed on these theoretical capacities. The manufac- 
turers, in making estimates, sometimes deduct as much as 20 or 30%. 


Buckets. 

Capacity. Cubic 
Feet per Hour. 

1 Buckets. 

Capacity. Cubic 
Feet per Hour. 

Length Across 
the Belt. Inches 

Projection from 
the Belt. Inches. 

Length Across 
the Belt. Inches 

Projection from 
the Belt. Inches. 

6 

4 

510 

11 

6 

2,500 

8 

5 

1,250 

12 

7 

3,.565 

d 

5 

1,410 

14 

7 

4,150 

10 

6 

2,275 

18 

8 

6,680 


Platform Elevators. — As a rule these are used only wIut'^ in ai or ial oonu's 
irregularly, or where it is more convenient to handle it by carloads. They arc* 
used for various products in Mills 27, 28, 64 and 92. 

§ 629. Sand Wheels are vertical revolving w}K‘els that carry biu'kots on the 
inside of very wide rims. Sand and water are delivered to th(‘se hin'kols when 
at the lowest part of their revolution, from spouts on one or both sides of the 
wheel; and discharged when near the highest point into laundcTs on one* or both 
sides. These wheels are especiallv adapted to elevating mill tailings with wuler, 
when there is not enough fall to deliver them to the depositing ground by jrravily. 
They are built for varying lifts, up to about 50 feet. Small whc'els. frequently 
called raff wheels, are also used for low lifts, to ndurn water and sand for re- 
treatment, for example, on the Wilflev table, which uses a little wheel 2 f(‘et 
9 inches in diameter to return its middlings. Their simplicity of construction 
and operation makes the running expense much less than for belt (devators. The 
wear is reduced to that upon two large journals and upon the buckeds ; and the 
wear upon the latter may be made much less than in a belt elevator, because the 
sand can be delivered to the buckets in the direction of their motion, which can- 
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not be done with belts. The wheel is hung upon two journals, and when small 
is driven by a pulley on the shaft. In the case of large wheels, the driving is 
done either by pinion and gear on the circumference of the wheel, or by a rope 
passing over a large sheave constructed on the side of the wheel. 

In developing the practice at Mill 44 several sand wheels have been used, and 
one of the later forms (Fig. 498) is here described. It is constructed on the? 
principle of the bicycle wheel, with tension spokes. It has a diameter, outside 
the buckets, of 51 feet 4J inches, and at the inner edges of the buckets a diameter 
of 47 feet 10 inches. The total width outside the buckets is 11 feet J inch. The 
shaft, which is hollow, is 30 inches in diameter, turned to 22 inches at the jour- 
nals. Each journal is 3 feet 4 inches long, and the total length of the shaft is 

23 feet 6 inches. The shaft is made in three parts, flanged and bolted together. 
Bach end section carries a hub 7 feet 2 inches in diameter. From each of these,, 
eighteen main bicycle spokes of 34-inch rod extend radially to support the 
rim. The distance between the lines of the two sets of spokes, where they 
intersect the axis of the shaft, is 16 feet and the angle between them is 36°. 
The middle section of the shaft carries a hub 11 feet 8 inches diameter,, 
with eighteen If-ineh tangential spokes to resist circumferential distortion. 
Half of these spokes are right hand and half left hand. On each side of 
the rim therre are 222 buckets consisting of blades inclined 36° to a line 
tangent to the circle at the inner edges of the buckets. The blades measure 8 
feet 11 inches parallel to the axis of the wheel, and 2 feet 9 inches on the slope; 
and the distance between centers, measured on the circumference at the inner 
edges is 84 inches. For driving there are on the outside of the rim 432 gear teeth, 
with 18-inch face and 4.71 inches pitch. The diameter of the wheel on the pitch 
line is 54 feet, and the diameter of the driving pinion is 4 feet 14 inches on the 
pitch line. The wheel is run at 4 revolutions a minute, which gives a velocity 
of 10 feet a second at the inner edges of the buckets. At this speed, and when 
delivering the total mill tailings (20,000,000 gallons of water and 2,000 tons of 
sand in 24 hours) the buckets b^egin to discharge at a point 20 feet 4 inches above 
the center of the shaft. If the water were increased to 30,000,000 gallons iu 

24 hours the discharge would begin 4 inches lower. 

Mill 45 has a sand wheel similar to the above in general design, but differing^ 
in details. The outside diameter is 32 feet; the diameter at the inner edges 
of the buckets is 29 feet 4 inches, and the width outside the buckets is 7 feet. 
The blades measure about 24 inches parallel to the axis of the wheel, and 25 
inches on the slope; and the space between them is about 12 inches. Each blade 
is inclined 384° ^ tangent to the circle at the inner edges of the buckets. 

The wheel makes one revolution in 33 seconds, and raises 3,744,000 gallons of 
water and 144 tons of sand in 24 hours. 

At Mill 12 the oversize of the trommel is returned to the rolls by a sand wheel 
14 feet in diameter and 11 inches wide. The buckets are 6 inches deep radially, 
and each blade is inclined 45° from the tangent at the inner circumference. The 
wheel runs at 20 revolutions a minute. 

Tailings w}ie<4s are quite largely used at the gold mills of the Rand, in South 
Africa, some of them of very large size. For example, the Henry Nourse Gold 
Mining Company has a wheel 60 feet in diameter outside of the buckets.^^ It 
is con‘^tructed on a steel shaft 20 feet long, 14 inches diameter, turned to 12 
inches diameter at the journals, each of which is 30 inches long. The spokes, 
which act in compression, are of 8 X 4-ineh timber held together by l-ineh 
iron tiebolts. There are buckets on only one side. They are lined with Amer- 
ican redwood, which is easily renewed whefn worn. The journal bearings are 
supported by a pyramidal, trussed steel frame on each side of the wheel. Driv- 
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jjjg £g ^onG by wirG ropG psissin^ ovGr e shcflvG 55 fGGji in dis-iuGtGrj which, is con*" 
structed on thG side opposite the buckets. 

The quantity of material that a wheel will lift, other things being equal, de- 
pends upon the length and width of the blades, or in other words upon the 
cubic capacity of the spaces between the blades. The height to which the con- 
tents of a given size of wheel can be lifted depends upon the slope of the blades, 
and upon the centrifugal force due to the peripheral speed of the wheel. For 
any fixed height of discharge these two factors are inter-dependent : as the angle 
between the blades and the tangent to the circle increases, the peripheral speed 
must increase. To keep the peripheral speed down to a moderate amount the 
angle of the blades may be diminished. The angle adopted in Mill 44 is 36°, 
which has proved satisfactory. This slope, independently of centrifugal force, 
enables the buckets to carry their contents 18 feet 7 inches above the center line 
of the shaft before they begin to discharge. The centrifugal force increases this 
distance to 20 feet 4 inches. The centrifugal force increases as the square of 
the velocity, and therefore the faster the revolution the higher will the buckets 
go before discharge begins, the quantity of material in the buckets being the 
same ; or with the increased speed, more material may be carried in each bucket 
without changing the point at which discharge begins. 

Assuming the speed of revolution and the inclination of the blades of the 
wheel in Mill 44 as standard. Table 372, has been made, showing the capacities 
of wheels of various diameters; the height above the receiving point, at which the 
buckets begin to discharge ; the number and size of the buckets ; and the speeds' 
of revolution. To make this table, all the data for the 47 foot 10-inch wheel 
were taken from Mill 44 ; further, the dimensions for the buckets of the 4-foot 
wheel were assumed as shown in the table, and the dimensions for the other 
wheels were increased in proportion to the increase in diameter. The speed 
of revolution in each case is such as to give the same centrifugal force as in 
Mill 44, and hence to raise the material to the same angular height above the 
center of the shaft. Since the figures are calculated instead of being taken from 
practice, except in the case of the 47 foot 10-inch wheel, there may be cir- 
cumstances in connection with the smaller wheels that will make it necessary to 
depart somewhat from the speeds shown in the table. This can easily be ascer- 
tained by trial. 

TABLE 372. — SAND WHEELS. 


Diame- 
ter of 
Wheel 
at Inner 
Edge of 
Buckets. 
Ft. In. 

Revolu- 

tions 

per 

Minute. 

Velocity 

per 

Second at 
Inner 
Edge of 
Buckets. 
Ft. In. 

1 

Numb’r 
of ; 
Buckets 
on Each 
Side of 
the 

Wheel. 

Measure 
of Each 
Bucket 
Around 
the Inner 
Circum- 
ference 
Inches. 

Width of 
Each 
Bucket on 
One Side 
of Wheel 
Parallel 
to the 
Axis. 
Inches. 

Radial 

Depth 

of 

Buckets 

Inches. 

Height of Discharge above Receiving Point, 
witn Corresmonding Capacities in Gallons 
per 24 Hours (including both Sand 
and Water). 

Height. 
Ft. In. 

Capacity in 
Gallons. 

Height. 
Ft. In. 

Capacity in 
Gallons. 

4-0 

18.81 

2-10.7 

50 

3 02 

6 0 

4 0 

3—8 4 

400,346 

3-8 1 

.598,886 

ft-0 

11.37 

3- 6.5 

70 

3.23 

8 0 

4 7 

5—6 f) 

71 6, .598 

5 0 1 

1,071,9.59 

8-0 

9.76 

4- 1.1 

87 

3.47 

9 8 

5.5 

7-4 8 

1,1 0.5, 666 

7-4 J 

1,653,{)64 

10-0 

8 73 

4— 6.7 

102 

8.70 

11.7 

6 2 

9-3 0 

, 1,560,479 

9—2.2 

2,;i34,3l9 

15-0 

7.18 

5-7 2 

132 

4.28 

16.3 

8.0 

13-11 

2.0fJ4,8HO 

13-9 

4,43.5,160 

SO-O 

6.17 

6— 6.6 

154 

4.90 

21.0 

9 9 

18-6 

1 4,772,285 

18 -4 

7,138,a55 

30—0 

6.04 

7-11.0 

187 

6.05 

30.4 

13.5 

27—9 

9,841,27:^ 

27-7 

13,978,086 

40—0 

4.37 

9- 1.7 

209 

7 21 

89.7 

17 2 

37—0 

1.5,066,511 

36 9 

22, .537, 074 

47—10 

4.00 

10- 0 

222 

8.12 

47.0 

20 0 

44-3 

20,165,400 

43 11 

30,165,400 

60—0 

8.56 

11- 2.4 

236 

9.58 

58.4 

24 5 

55-6 

20,040,691 

65 1 

43,441,932 


To illustrate how this table may be used, let us suppose that it is required to 
raise 200,000 gallons of water and tailings in 24 hours to a height of 25 feet. 
The nearest to this in the table is a 30-foot wheel raising over 9,000,000 gallons 
in 24 hours to a height of 27 feet 9 inches. The wheel required, therefore. 
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could be somewhat smaller than 30 feet inside the ^ekets ; and the number and 
size of the buckets could be very much reduced. Each of the wheels shown in 
the table has a set of buckets on each side, each set having the dimensions indi- 
cated; but the wheel for the supposed ease might be built with buckets on only 



FIG. 499 . — SPECIAL "OATARAOT^^ PUMP. 


one side. The smaller wheels in the table would naturally be built with only 
one set of buckets. 

§ 630. Pumps fob Sand and Water. — Centrifugal Pumps are more used than 
any other form for elevating sand and water, because they have no valves or 
plungers to be injured by the grit. Beside being used in the mills they are also 
used for dredging. 

A centrifugal pump consists of a set of fans or blades carried on a revolving 
shaft and enclosed in a casing. The material to be elevated enters the easing 



FIG. 500a. — ^LAWRENCE CENTRIFUGAL PUMP (SUCTTON PIPE REMOVED). 
FIG. 5006. — SECTION OF LAWRENCE CENTRIFUGAL PUMP. 


centrally around the shaft at one or both sides, is carried to the cireumforonoe 
by centrifugal force, and is there delivered through a discharge opening. Those 
pumps deliver large quantities of material, are very simple in construction, are of 
low cost, and require but little attention; and having a simple rotary motion 
they do not require special foundations. From a number of efficiencies of cen- 
trifugal and plunger pumps, Webber^® concludes that the former are the more 
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^cient for lifts up to about 30 feet ; and that the centrifugal pumps intended 
for considerable lifts ihave their maxinmm efficiency at about 17 feet lift * It 
should be borne in mind, however, that the efficiency for a given lift varies with 
the design of the blades and casing, the size of the pump, the speed of revolution 
and the speed of delivery. The discussion seems to indicate that the form of 
blade that will give the best efficiency depends on the height of delivery above 
the pump, but generally the blade curves backward from the direction of rota- 
tion, as shown in Fig. SOO^z. The width of the blade and casing commonly con- 
tracts from the center toward the circumference in order to give an approxi- 
mately uniform speed of cupent; and for the same purpose the outline of the 
casing has the form of a spiral, as shown in Fig. 500a. Manufacturers recom- 
mend definite speeds of revolution for each height of lift with any given pump; 
and for good work these speeds must be adhered to. To deliver the water with the 
least friction the delivery pipe must be tangential to the circumference of the 
casing, but some pumps are still made with radial discharge pipes. The de- 
livery pipe should be of such size that the speed of flow shall not exceed about 
12 feet per second.^^ The efficiency decreases at higher speeds. 

There are certain differences in design between centrifugal pumps intended for 
sand and water together, and those intended for water alone. For example, 
while in the latter the inner width of the casing decreases from the center to the 
ends of the blades, in the former the width is made uniform in order to prevent 
choking. When the water carries sand or clay the shaft and bearings may be 
protected from grit by special construction, and by a feed of clear water through 
the bearings, as is shown in Fig. 499, taken from the catalogue of Joseph Edwards 
and Company of New York City. It very commonly happens, however, that 
pumps designed for water alone are used for sand and water. Sand pumps are 
often lined with removable steel or chilled iron plates to take the wear. 

When suction takes place on each side of the casing, as shown in Fig. 500&, 
taken from the catalogue of the Lawrence Machine Company, of Lawrence, Mass., 
the end thrust on tlu* shaft is prevented. The sizes of some of the pumps made 
by this company, with capacities and power, are shown in Table 373. The most 
common sizes used in the mills are 2 to 3-inch pumps, these designations being 
the diameters of iho discharge pipes. 


TABI.K 373. — LAWRIUNCE CENTRIFUGAL PUMPS. 


Suction Pipe. 
Nominal Size. 
Inches. 

Delivery Pipe. 
Noniinul Size. 
Inches. 

Economical Capacity 
in Gallons of Water 
per Minute. 

Velocity of Water, 
in Feet 
per Second. 

Horse Power for Each 
Foot of Lift. 

2 


70 

11.0 

0.05 

214 

2 

100 

9.6 

0.08 

814 

3 

250 

10.9 

0.15 

4^ 

4 

450 

11.3 

0.27 

6 

f. 

1,200 

13.8 

0.65 

8 

« 

2,000 

12.8 

1.10 


Th(‘ f)ro|)orl ion of sand or gravel that can be discharged with water depends 
on th(‘ v(‘l(>cily of tli(‘ water in the suction and discharge pipes, the size of the 
partichvs and iluMr specific gravity. At Mill 25 one pound of ore is raised with 
every 1.15 irallons of wal(T, so lhat about 3J^ of the total volume is ore. The 
maxinnirn siz(‘ of lh(‘ grains is j ineli (GA mm.). This is the coarsest material 
for whieli (‘('nirifugal piunf)s are used in any of the mills in the author’s list. 
Of th(' 13 nulls using ^ueh pumps, 8 use them only for slime table pulp (maxi- 
mum diamet(‘r about 0.25 nun.). 

The average* voIumh* of sand raised bv an Andrews dredging pump, with two 
6-ineh suetion pipes and one 9-inch discharge pipe, during seven months’ work 

* He finds plunger pumps more efficient for lifts greater than about 80 feet. 
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at the mouth of the St. John^s river, Florida, varied from about 76 cubic yards 
per hour (actual dredging time) in November, 1871, to about 117 cubic yards in 
February, 1872, with a final average of about 102 cubic yards per hour of actual 
dredging time. The proportion of sand to the total volume raised was generally 
30 to 35%, and seldom exceeded 45%.* 

The life of a pump depends on the proportion of sand to water, the quantity 
and kind of sand, the size and speed of the pump, and the position of the dis- 
charge (whether radial or tangential). With the radial discharge, every grain^ 
in being discharged, hits a blow upon the side of the orifice and wears it out 
rapidly. In Mill 24 both shell and blades wear out in 37 weeks in the pump that 
delivers the No. 6 jig middlings to the No. 1 whole current classifier. In Mill 
25 both shell and blades wear out in 22 weeks in the pump that delivers J-inch 
(6.4-mm.) material from the trommel to the No. 1 jigs. In Mills 46 and 47 
chilled cast iron linings wear out in 12 months, and in Mill 48 in 6 months, 
and are then replaced by new linings. 

Ore passing through centrifugal pumps is subjected to a grinding action. This 
will be much greater in pumps with radial discharge than in those with tan- 
gential. Seemann^^ reports the results of four tests on a pump with blades 0.272 
m. diameter, running at 15.6 revolutions a second. In each test 120 liters of 
pulp were taken, both from the feed and from the discharge, and after settling for 
a day, 1,000 grams of the ore (dry weight) were sifted on a screen with 0.2-mm- 
openings. The results were as follows : 


Sample. 

Grains Larger 
than 0.2 mm. 

Grains Smaller 
than 0.2 mm. 

Sample. 

Grains Larger 
than 0.2 mm. 

Grains Smaller 
than 0.2 mm. 

J Feed 

* 1 Discharge .... 

oJ Feed 

* j Discharge 

Grams. 

145 

68 

78 

17 

Grams. 

855 

m 

922 

983 

8. 

Feed 

Discharge 

Feed 

Discharge 

Grams. 

260 

145 

48 

36 

Grams. 

760 

855 

952 

964 


It is not stated whether the pump had a tangential or radial discharge; what 
kind of minerals were present; nor what was the maximum size of ore grains; 
but the average of the four tests shows that 13.0% of the ore was larger than 0.2 
mm. before entering the pump, and half of this quantity, or 6.5% was ground 
finer than 0.2 mm. by the action of the pump. 

Figures on centrifugal pumps used for pulp in the mills are given in Table 374. 

TA.BLE 374. — CEITTRIFUGAL PUMPS USED FOR ELEVATING MILL PULP. 


Mill 

No. 

Diameter of 
Suction Pipe 
Inches. 

Diameter of 
Discharge 
Pipe. Inches 

Revolutions 
per Minute. 

Lift 

Feet. 

Mill 

No. 

Diameter of 
Suction Pipe 
Inches. 

Diameter of 
Discharge 
Pipe. Inches 

Rev<ilutions 
per Minute 

Lift. 

Feet. 

6 

8 

8 



45 


2 



22 



1,024 

40 

46 


2 

875 


24 

3^ 


605 

13 

47 



522 


24 

5 

2 

635 ' 

16 

48 


2 

376 

12 ’ 

25 

6 

4 

785 


76 




10 

44 


8 









§ 631. The Spiral Sand Pump, made by J. H. Frenier & Son, of Rutlami, V(T- 
mont, consists of a spiral ribbon of steel plato in form like a spiral clock ‘-pring 
(see Fig. 501). On each side is a steel disk, which is joined to the spiral by 
continuous air tight joints, thus making a spiral tube of steel with a rectangular 
cross section of constant area throughout. It is mounted on a hollow horizontal 
shaft, which has an opening to connect with the spiral tube. There are no valves, 
but the water and sand are raised by virtue of a hydrostatic head in each turn 

* Catalogue of Joseph Edwards & Co., taken from U. S. Government Report. 
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of the spiral, a part of each turn being filled with water and the rest with 
air (&e pnmp being partly immersed in water and partly in the air). The 
sum of these hydrostatic heads determines the height to which the water 
can be forced. This height, therefore, depends simply on the number of 
turns of the spiral and not, as in a centrifugal pump, on the speed of revo- 
lution. The speed, indeed, should be slow, because the loss of power due 
to friction and to centrifugal force, increases rapidly with the speed. The manu- 
facturers recommend 20 revolutions a minute. The spiral and sides are made 
of ^-ineh steel plate. The pump is so set in the receiving box that the center 
of the shaft is 7 inches above the surface of the water. At each revolution a 
certain quantity of water and sand is taken into the outer turn of the spiral, 
and as revolutions continue is carried to the center and discharged through an 
opening in the hollow shaft. Connection between this shaft and the discharge 
pipe is made by means of a nipple, a coupling and a special stuffing ring. The 
greatest wear takes place between the coupling and the outer end of the nipple, 
but as both of these are small and easily replaced the cost of repairs is low. 



FtG. 501. — SriRMi SAND PUMP. SCALE ^ SIZE. 


The OTid thmst on iho slinfl is iakon up by a weighted bent lever, acting against 
the .stuffing ring. 'Pbe radial dimension of ihe spiral passage is about inches. 
The outside' width is I'ilher 0, 8 or 10 inches, with corresponding capacities ot 
75,000, of 100,000 and of 150,000 gallons in 24 hours. The diameter is either 
44, 48 or 54 intdies, with iriaxiniutn lifts of 14 feet, 19 feet and 25 feet respec- 

Threo of these pumps are used, and much liked, in Mill 28, to elevate the 
spigot products of No. 2 livdraulic clasRitier and of No. 1 whole current classifier. 


and Iho slirru' hibh' middlings. « 

8 032. PitMi'K Koit W\ri u Sui'puy.— For raising water many kinds of pnmps 
are used. For a discussion of tliese lh(' ri-ader should refer to special treatises 
on the subject. Table 375 shows the kinds of pumps used in some of the mil^ 
and gives w.rue of the ilelails. This table indieates that duplex 
pumps are most common. Ik'H driven pumps with one two or ® 

are llso used to a consi.lerahle extent. -Rotary and centrifugal P'™^ ^ 

used, and on,' mill u«,'s a piilsometer. The mills that require "allj large 
quantities of water have vertical pumps with compound ® V 

may be noted, as indicating the magnitude to which ore dressing operations have 
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attained in special eases, that Mill 44 is supplied with water by one of the largest 
pumping engines ever built for any purpose. It is a vert^^ plunger pump, 
driv^ by a triple expansion steam engine with a fly wheel. The steam cylinders 
are respectively 18, 27|^ and 48 inches in diameter, and the stroke is 90 inches. 
Two differential plungers are used, with lesser diameter of 34 inches, greater 
diameter of 48 inches, and stroke of 90 inches. The pump ordinarily runs at 
so revolutions a minute, and delivers 40,000,000 gallons of water m 34 hours, 
raisiug it about 85 feet. Its maximum capacity is 60,000,000 gallons in 24 hours. 
It supplies the water not only for Mill 44, but also for another mill of the same 
size. It was designed by E. D. Leavitt. 

For Mills 26 and 67 the quantities of water stated in Table 375 indicate the 
■capacities of the pumps, not the requirements of the mills. For the remaining 
■min a the author does not know whether the figures represent pmnp capacities or 
•min requirements. The latter is discussed in § 815. 


TABLE 375. — ^PUMPS POR WATER SUPPLY. 


Bind of Pump. 


Gallons Delivered 
in 24 Hours. 


Diameter of 
Steam 
Cylinders. 
Inches. 


Diameter of 
Water 
Cylinders. 
Inches. 


Stroke. 

Inches. 


Revolutions 
per Minute. 


Cameron single plunger 

Enowles compound condensing. 

Centrifugal 

Centrifu^ 

Knowles duplex.. 

Geared triple plunger 

Miller duplex 

Centrifu^ 

jSmgle plunger 

Rotary 

Rotary 

[Rotary 

J Vertical triple expansion, 1 

( differential plunger f 

Compound vertical 

Compound vertical 

Compound vertical 

iNorthey duplex. 

[Pulsometer 

Belt-driven double plunger 


129,600 to 144,000 
2,250,000 by 3 pumps. 


24 


14 

10 


(1,152,000 to 1,728,0001 
I by 2 pumps. f 


144,000 to 180,000 


8 

‘io’ 


4 

5 


10 


864,000 

1,728,000 

40.000. 000 

12.000. 000 
12,000,000 
10,000,000 

187,200 


18, 27% & 48 


34 and 48 


24 

18 


12 

5 

10 

‘io’ 


90 


12 

“s’ 


40 


40 

‘46* 


20 


37^ 


Launders. 

§ 633. Launders are troughs for conveying water, or water and sand, by gravity. 
They are generally rectangular in section, and made of planed boards or planks. 
Small sizes are sufficiently strong and water tight when made ol* throe plan(‘d 
hoards with the bottom nailed to the two sides. Large launders built of four 
or more planks require binding frames every few feet to keep the planks in lino, 
and to keep the joints tight. (See Fig. 502.) The planks an* sometimes tongu(‘d 
and grooved. To keep the cross-joints tight, they arc arranged to come over lli(‘ 
supporting frames. Fine silt helps to fill up the joints and make thorn tight. 
Linings of wood are often used, l^ing replaced when worn out. Linings made 
of mild steel plate are sometimes used. The latter cost more at first, but have 
longer life than wood. Wooden linings, moreover, beeom(‘ very uru'ven before 
they are woto out, and therefore they require a steeper slope than is ne(Ml(‘d with 
the steel lining, because this unevenness retards the flow. At Mill 44 the main 
tailings launder is lined with steel plates. The bottom plates are raised along 
the^ center of the launder by means of a longitudinal cleat beneath the plates. 
This causes the sand^to run to the sides and so decreases the wear. At Mill 22 
the tailings launder is lined with two angle irons (see Fig. 503). Certain sizes 
of ore in this mill are fed to jigs through V-laundcrs lined with 3-inch angle 
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irons; and 2-inch iron pipes are used to convey the spigot products of the 
classifiers to jigs and slimc tables. At Mill 20 the wooden tailings launders are 
lined with plate iron. Old boiler tubes have also been utilized as launders in 
this mill. When worn on the bottom the tubes are turned to present a new sur- 
face. At this same mill chutes having hard usage are sometimes lined on the 
bottom and sides with old rubber belting, which stands the wear quite well. 
Where ore falls into a chute or launder it is well to have a pocket in the bottom* 
in which a certain amount of ore will collect and thus save wear. 

Switches are sometimes required to turn a stream of pulp or water from one 
division of a split launder to another. In Fig. 504 the switch swings into place 
behind the projection a, the joint at that point being made tight by cotton waste 
or a piece of rubb(?r belting. The switch is hinged by two pieces of rubber 
belting at &. i 

§ 634. In mill work one seeks the kind of launder that will convey a given 
quantity of water, or water and sand, with the least slope and least loss of mill 
head. The conditions that favor saving of slope are, therefore, important to 
every mill man. If the slope is not sufficient the sand will build up on the bottom 
of the launder, and may finally cause it to overflow its sides. The simplest 
remedy for thi§ is to increase the slope of the launder. The conditions affecting 



FCG. 502. FIG. 504. — SKETCH FOR SPLIT LAUNDER. 

the slope may bo stated thus: water carrying sand requires greater slope than 
water alone; coars<' sand requires greater slope than fine sand; minerals of high 
spoeifie gravity require greater slope than those of low; and pulp with a high 
per cent, of sand n'quires greater slope than that with a low per cent. At Mill 5, 
previous to instill ling the mechanical unwatcrcr described in § 637, the sapd 
hanked badly in the tiiilings launder at a point where the slope was 0° 43'. The 
removal of tlu* c()jirs(' nuitcTiid by the unwatcrcr overcame the difficulty. At 
the old mill of the Atlantic Copper Mining Company, Lake Superior, when it 
h('('iim(‘ n(‘e('ss}irv to extend the tailings launders a considerable distance, on ac- 
count of tlu‘ (‘neroiieliUH'iit of tlu* dumping ground upon the harbor, it was found 
thill suffiei(‘nt slofx* Wiis not iivailable to carry the coarse tailings to the new 
<lump. 'fo ov(‘rcom(‘ th<* ddliculty, Mr. W. J. Evans kept the coarse and fine 
tailings s(‘f)iiriil(‘, iind the hatter, together with most of the mill water, then ran 
without dillieulty on th(‘ iiviiihihle grade to the new dump. ‘The coarse portion 
could still l)(‘ s(‘nt to th(‘ old dump because it formed a steeper deposit when 
reli('V('d of th<‘ tin(‘s. 'Phis nudhod haigthened the life of tlie mill site a number 
of yeiirs. 'Phe mill wiis lo(*iited iihout 150 fe('t from, and 25 or 30 feet above, 
the shore. 

S. T. TFallett, of Aspen, Colorado, has found that on gentle slopes the form 
of launder shown in Fig. 507 will prevent the building up of sand better than the 
form shown in Fig. 508. The roughness of the boards of which a launder is 
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built makes a great difference in the speed of tbe water. Sharp bends also 
impede the flow greatly. 


TABLE 376. — OAEKBEK’S SLOPE FOR LAUNDERS. 


Size of Ore. 

Slopes. 


Degrees. 

Inches per Foot. 



(a)36‘> 35^ 

8.9 

Dry. 

Wet. 

44 


37° 50' 

9.38 


38° 40' 

8 . 


29° 6 ' 

6.66 

it 


24° 0' 

5.88 

44 


18° 26' 

4 

44 


7° 86 ' 

1.6 

44 


6 ° 20 ' 

1.88 

44 


3° 86 ' 

0.76 

h4 


1 6 ° 20 ' 

1.88 

44 

X all rac© lor zucitcjrioi 73 lucu. lu fiifwiicLori w •••••*•••••••••••••••• 

16° 15' 

3.5 

44 

± rvXIIIIlf?! 1.4J1 XUCbvOI KH ICBKI bl UWl 73 

1 38° 40' 

8 

44 

JL romizici casing tor znai©ncii iciirgor wau 53 ••••#•••••••••••••••*••• 



(a) With the slope stated, the ore has to be shoveled from this chute. 


So many factors enter into the question of transporting sand in launders that 
it seems impossible to give exact rules to cover all eases. Where there is but 
little fall, experiments should be made on the question of slope ; and where there 
is plenty of fall, it is best to be on the safe side by giving the launders plenty 

TABLE 377 . — MILL LAUNDERS AND CHUTES. 


Crusher Products. 


Mill 

No. 

Size of Grains. 

Slope. 

Width. 

Inches. 

Depth. 

Inches. 

Wither With- 
out Water. 

Minerals. 

27 

15 

22 

27 

44 

38 mm. and less.... 
25.4 mm. and less.. 
12.7mm. and less.. 
12.7 mm. and less . 
4.76 mm. and less. 

41° 

20 ° 

16° 

82° 50' 
5° 30' 

24 

10 

5.5 

8 

With 

Quartz, porphyry, galena and pyrite. 
Flint and blende. 

4 


8 

Water jet.. . . 

- - - 

Limestone and g^ena. 

Onartz 'Domlivrv 



With 

Rhyolite and native copper. 






Trommel Products 


27 

27 

87 


15 


27 

27 

27 

15 
27 
27 
27 

27 

16 


88 mm. 

60° 10' 

16 mm.+ 

27° 45' 

16 to 12.7 mm 

88° 

12 to 6 mm 

J 27° 
160° 

12.8 mm.+ 

30° 30' 

12.3 to 4.7 mm 

29° 30' 

12 mm.+ 

37° 

6 to8 mm. 

jl4°80' 

188° 

6 mm 4- 

42° 80' 

4.7 to 2.8 mm 

82° 15' 

2.8 to 2 mm... ^ 

14° 25' 

16 mm. to fines 

33° 30' 

12.7 mm. to fines 

11° 30' 

12.8 mm. to fines 

14° 45' 

18.3 mm. to fines 

13° 55' 

8 3 mm. to fines 

11° 30' 

4.4 mm. to fines 

11° 30' 

2.8 mm. to fines 

J 11° 30' 
1 8° 

2.3 mm. to fines 

5° 30' 


14 

6 

Without 

5.5 

4.5 

i4 

4.5 

5 

4a 

[ 4.25 

2 

44 

8 

9 

44 

8 

5 

4« 

8 

6 

44 

} (0)4.25 

2 

44 

10 

6.5 

44 

4 

2.25 

44 

4 ! 

2.6 

44 

i 8 

1 6 


With 

7 f 


6 

4 

** 

5 

2 

“ 

5 

4 


6 

4 

it 

6 

4 

ii 

6 

4 / 


4.5 

6 f 


9 5 

6 

44 


Quartz, porphyry, galena and pyrite. 


Limestone and galena. 
Flint and blende. 

Limestone and galena. 


Dolomite and galena. 

Flint and blende. 

Quartz, porphyry, galena and pyrite. 

«i ii ii »i 


ti i( 44 44 

Flint and blende. 

Quartz, porphyry, galena and pyrite. 


it 1, ,1 (( 

Flint and blende 


Classiher Products. 


25 -j 

27 

27 

27 


Overflow No. 1 surface 
current classifier. 

2 mm. and less 

Less than 2 mm 

Less than 2 mm. 


27 


Less than 2 mm. 


yg < Probably less than 0.5 
I mm. 

22 J Spigots No. 1 surface 
I current classifier. 


j- 3° 

11 

5 5 

With 

15° 15' 

4 

4 

ii 

8° 16' 

4 

4 

‘i 

7° 30' 

4 

4 

i* 

J 8° 

12 

8 i 


1 7° 50' 

6 

6 f 


[ 1®85' 

2.5 

1 5 

“ ... 

143° 

133° 



“ 


Dolomite and quartz 

Quartz, porphyry, galena and p^^ite. 


Quartz and pyrite 
Limestone and galena. 







ACCESSORY APPARATUS. 


875 


Jig Products. 


Size of Grams. 


19 1 mm. to fines . 
16 mm. to fines. . . 
13.7 mm. to fines . 
13 mm. -f to fines . 
6.4 to 1.5 mm — 
6 mm. to fines... 


3 mm. to fines. 


Slope. 

Width. 

Inches. 

Depth. 

lucnes. 

With or With- 
out Water. 

4® 46' 

12 

10 

With 

9® 30' 

6 

6 


1® IV 

24 

48 

il 

3® 36' 

8 

6 

L4 

4® 30' 

12 

6 

44 

14® 

18 

18 

44 

8® 

14 

10.6 ; 

44 

3® 

4 25 

3.25 

44 

14® 

8 

6 

44 

4® 46' 

12 

8 

44 

14® 

18 

12 

44 


Quartz and schist. 

Barite, limestone and quartz. 
Chalcopyiite and chalcodte. 
Limestone. 

g uartz and porphyry, 
olomite. 

Dolomite and galena. 

e tz and f ddspar. 
tz. 

tz and porphyry. 


Vanner and Slime Table Products. 


61 0.81 mm. to fines. <c). 


80 0.41 mm. to fines 

84 0.41 mm. to fines, (e). . 
84 0.76 mm. to fines. (/).. 


16 19 mm. to fines 

81 18 mm. to fines 

84 15 mm. to fines 

33 12 4- mm. to fines, (p). • 

82 12 mm. to fines 

43 11 mm. + to fines, (h ) . . 

42 6.4 mm. to fines 

44 4.76 mm. to fines, (i). . 

46 4.76 mm. to fines, (A),. 

47 4.76 mm. to fines. (1 ) . . 

48 4.76 mm. to fines, (m). 

40 8 mm. to fines, (n) 

38 2.5 mm. to fines 

39 2.6 mm. to fines (o) , . 


[(a)2 


4.5 

4 







12 

(5)6 

14 

11 


Pyrite. 

limestone and galena. 

Quartz. 

Quartz and pyrite. 

Quartz and porphirry. 

Quartz and poiphyry. 

Quartz, calcite and barite. 

Quartz, calcite, barite, copper car- 
bonate, etc. 

. Quartz. 


Genera] Tailings, 


12 

10 

With 

12 

10 

“ 

18 

16 

‘‘ 

12 

6 

** 

12 

12 

44 

12 

8 

41 

44 

Bi 

14 

44 

30 

16 

** ......... 

48 


44 

24 

14 

44 

10 

8 

44 

30 

14 


16 

12 

44 


Quartz. 

Quartz. 

Limestone. 

Quartz. 

Quartz. 

Quartz. 

Rhyolite. 

Amygdaloid. 

Amygdaloid. 

Rhyolite. 

Quartz. 

t^rtz. 

Quartz. 


(a) V-laimder. (5) Iron pipe, (c) Carnes 25,920 gallons (108 tons) of water and 15 tons ^sand in SJhours. 

A ' . . ^ A. o,n\ ii/. /nn a# ...A-i-n.. i-Ano A# oan/l in 9A Vtrkiirc na.rriM 7.200 Gallons fSO tonS^ 


In 24 hours, {a) Qarnes gaiions tons; wawsr auu iw 

gallons (7,200 tons) of water and 90 to 9r) tons of sand in 24 hours, (i) Ca^i^^, 000,000 gaUons (^,360 tons) 
a water knd 2,000 tons of sand in 21 hours, (fc) Carries 12,000,000 gallons (5? water and 1,225 tons 

of sand In 24 hours. (1) Carnes 12,000,000 gallons (50,000 tons) of water and 1,660 to 1,^ tons of sand in 24 
hours, (m) Carries 10,000,000 gallons (41,700 tons) of water Md 1,475 

676,000 gallons (2,400 tons) of water and 144 tons or sand m ^ hours, (o) Carnes 8,140,000 gallons (13,000 tons) 
of water and ^rhaps 800 tons of sand in 24 hours. 

of slope. Table 37<) shows the slopes of launders adopted by Mr. John Carkeek, 
of Butte, Montana, for material that usually passes through coarse concentration 
works. He states that water must be used in a.11 these cases, except the first. 
Slopes must not be taken off the launders by introducing boxes between the 
points of reei'iving and discharge. If boxes are introduced allowance must be 
made to still retain the above slopes. Certain ores will run on considerably less 
pitch, but tlicse figur<‘s will be on the. safe side for all kinds. 

The (lata on launders eolleeted from the milks is given m Table 377. Ine 
depths of the streams are not known. In the foot notes a number of instances 
arc given of the ((uantity of sand and water flowing in launders of definite size 

It will Ik- notiwd that for the crusher products that run with water the slopes 
increasi- regularly with the size of the ore. The one instance without water has 
a much stccFier slope than the same size of ore with water The trommel 
products running with water, also show a regular increase of slope with tlw 
Mze of ore; but the eases without water show no regularity, ™ost of them 

arc fairly steep. The two exceptionally gentle slopes (14 25 and 14 oO ) are 
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probably short launders in which the ore forms its own slope. Although the jig 
products and the general tailings contain much larger particles than the classifier 
and vanner products, the average slopes (omitting the v6ry | steep cases) do not 
differ very much, the large quantities of water present making the gentle slopes 
sufficient for even the 15 to 25-inm. particles. The few instances of steeper 
slopes than is necessary are due to the location of apparatus. Many of the slopes 
for jigs, classifiers, vanners and general tailings are laid out for economy of fall. 
The very gentle slope of 0° 55' for general tailings at Mill 44 was probably in- 
tended to be the minimum safe limit. 

§ 635. Theory or Flow in Launders. — While the author is unable to fi,nd 
exact laws for the size, shape and slope of launders for sand and water, he be- 
lieves the mill man should have in his possession the main facts about launders 
for water, which may prove suggestive for designing launders for sand and water. 
He will, therefore, give first the conditions for water, and then add such facts 
as are at hand in regard to sand. ' i 

For water the conditions may be stated thus : For a laundey of any given sh^pe 
and size, the slope to obtain a given velocity will be less as the surface is m^de 
smpother, as the quantity of water increases and as the "witteff perimetcr^^*, is 
diminished, other things being equal ijn each case. Since tqe .l^riction upon ihq 



sides and bottom of the launder is the greatest impediment to the flow of water, 
it follows that the form of launder which gives the least friction will require 
the least slope.ior.a given flow. That form is the one which has the le^st 
"wetted perimeter,” and therefore the greatest ^^ydraulic mean depth”* for a! 
given area. ^Figjqr^s 505-508 show four forms of launders, each with one square ‘ 
foot cross section of stream; the hydraulic mean depths have been calculated for 
tK^i^ fopi^’4^i4 0.354 foot, 0.354 foot, 0.370 foot and 0.398 foot respectively.’ 
A ‘iaunder OdP'^refetengular section and given slope for a given quantity of water, 
per minute, will give greater velocity if we increase the depth and decrease the 
width or fhd’ stream until the ratio of width to depth becomes 2 to 1. When 
the depHi'^is made greater and the width less than this', the velocity decreases 
again. A V-shaped launder with 90° angle has the same hydraulic mean depth- 
as the best reetanghlar launder, and, therefore, with the same area of section will 
convey the ^sanie quantity of water on the same slope with the same velocity. A 
trapezoidal Ikuhder with sides sloping 45° and the width of the bottom 0.828 of 
the depths has a larger hydraulic mean depth than either of the two previous 
forms and can, therefore, be used on slightly loss slope than they. A semi- 
circular launder has the greatest hydraulic mean depth of all and can, therefore, 
be used with the least slope. The rectangular form has the advantage of being 
the simplest to construct and keep in repair. It will, therefore, be considered 
as the standard, I ^Tifiddr for mill work. 

Tables '87^^' |knd 379‘haVe been calculated for the convenience of mill men for 
water, but not' for water dnd sand.' Table 378 shows the mean velocity with which 
water will ifi' rectangular launde rs made of unplaned plank, and having 


* stream is the line of contact between the launder and the cross seefaon of 

the area of the cross section 
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different dimensions and slopes, and with different depths of -stream; and Table 
379 shows the quantities of water that will flow in these launders per minute.* 
Fifty measurements of discharge from launders of unplaned plank (of sizes cor- 
responding to those shown in the tables), quoted by Hering and Trautwine,^^ 
indicate that these tables probably contain no errors gi'eater than 6%, and that 
the errors are generally within 3%. 


TABLE 378. — MEAN VELOCITIES OF WATER IN RECTANGULAR LAUNDERS OF ROUGH 

PLANK. 


Launders 4 Inches Wide. | 

1 Launders 8 Inches Wide. 

Depth of 
Water. 
Inches. 

Slope in 1 Foot. 

Depth of 
Water. 
Inches. 

Slope in 1 Foot. 

J4Inch.|^ Inch. 

Inch. 

1 Inch. 

2Inches 

J^Inch. 

Jilnch. 

HInch. 

1 Inch. 

21hch’s 

Mean Velocity in Feet per Second. 

Mean Velocity in Fee 

tper Se< 

cond. 

2 

3 

4 

0.9 

1.5 
2.1 
2.4 

2.6 

1.8 

2.1 

3.0 

3.5 

3.7 

1.9 
3.0 

4.2 

4.9 

6.2 

2.6 

4.3 

5.9 

6.9 

7.3 

3.7 
6.1 
8.4 

9.8 
10.4 

1 

2 

8 

4 

6 

8 

1.7 

2.6 

3.2 
3.6 

4.2 
4.a 

II 

3.4 

5.2 

6.4 

7.3 

8.4 
8.9 

4.8 

7.8 
9.1 

10.3 

11.8 

12.6 

6.8 

10.4 

12.8 

14.6 

16.7 

17.8 

Launders 12 Inches Wide. | 

1 Launders 16 Inches Wide. 

Depth of 
Water. 
Inches. 

Slope in 1 Foot. 

D^th of 
"i^ter. 
Inches. 

Slope in 1 Foot. 

^ Inch. Inch. 

Jilnch. linch. 

2 Inch’s 

^Inch. 

J^Inch. 

i^Inch.jl Inch. 

2 Inch's 

Mean Velocity in Feet per Second. 

Mean Velocity in Feet per Second. 

1 

2 

4 

6 

9 

12 

1 9 
2.8 
4.2 
4.9 
5.7 
6.1 

2.6 

4.0 

5 9 
6.9 

8 0 
8.6 

8.7 
6.6 
8.4 

9.8 
11.8 
12.2 

5.2 

8.0 

11.8 

18.9 

16.0 

17.2 

7.4 

11.8 

16.7 

19.6 

22.7 
24.4 

1 

2 

4. 

8. 

12 

16. 

1.9 
8.1 

4.5 
6.1 

6.9 

7.5 

2.7 
4.4 

6.8 
8.6 
9.7 

10.6 

8.8 

6.2 

8.9 

12.2 

13.8 

15.0 

5.3 

8.8 

12.6 

17.2 
19.4 

21.3 

7.5 

12.4 
17.8 

24.4 

27.5 
80.1 

Launders 82 Inches Wide. | 

Launders 82 Inches Wide. 

I^th of 
Water. 
Inches. 

Slope in 1 Foot. 

Depth of 
Water. 
Inches. 

Slope in 1 Foot, 

Inch. 



2 Inch’s 




lInch. 

2 Inch’s 

Mean Velocity in Feet per Second. 

Mean Velocity in Feet per Second. 




3.9 

6.5 

10.4 

15.0 

5.6 

9 2 
14.7 

21 3 

7 9 
13.0 

20 8 

30 1 

16 

24 

32 

10.0 

11.2 

12.1 

14.2 

15.8 

17.1 

20.1 

22.3 

24.2 

28.4 

31.6 

34.2 



These tables forcibly illustrate the advantage of having the stream twice as 
wide as it is deep, where water alone is flowing. For example, a stream 8 
inches wide and 4 inches deep will flow about 85% faster than a stream 32 
inches wide and 1 inch deep (both having the same slope), though the area 
of the cross section is the same in each case. For equal speeds of current the 
former requires only 29% as much slope as the latter. These tables also show 
the effect that an increase of water has upon the slope. For example, a launder 
8 inches wide, with a stream 1 inch deep requires more than twice as much 
slope as wh^n the stream is 2 inches deep, in order to have the same velocity. 

Th^ influence that the roughness of the surface has upon the slope is venry 
marked. Tables 378 and 379 were calculated for sawed, unplaned planks; but 
if planed planks are used the same velocity of current will be obtained with only 
58 to 67% of the slope shown in any case in the tables, the advantage being a 


* These tables are calculated by the formulas: v=c^rs and q=av^ in which v= mean velocity in f^t per 
second ■ o=vobime in cubic feet per second; a=ar©a of cross section of stream in square feet; r=hydraulic 
mean depth infect; s=slope expressed as the sine of the angle; c=a coefficient, depending on the hydraulic 
m^an deSth, the roughnesrof the launder and the slope. Fora given hydraulic mean depth the different 
slopes showii in the tables have practically the same coefficient. 
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little greater when the hydraulic mean depth is large than when it is small. 
Ordinary cast iron linings require about the same slope as unplaned planks. 


TABLE 379. — QUANTITIES OF WATER FLOWING IN RECTANGULAR LAUNDERS OF 

ROUGH PLANK. 


Launders 4 Inches Wide. 

II Launders 8 Inches Wide. 

Depth of 
Water. 
Inches. 

1 Slope in 1 Foot. 

I^th of 
Water. 
Inches. 

I Slope in 1 Foot. 

J^Inch. 

14 Inch. 

J^Inch. 

linch. 

2 Inch’s 

J4Inch. 

)4 Inch. 

Inch. 1 1 Inch. 

2 Inch’s 

Gallons per Minute. 

Gallons per Minute. 

2 

2 

4 

5.8 

18.9 

52.4 

91.6 

129 

8.2 

26.3 

74.2 

130 

188 

11.7 

87.8 
105 

183 

259 

16.5 

58.5 
148 

259 

366 

23.3 

75.7 

210 

366 

517 

1 

2 

8 

4 

6 

8 

42.1 

129. 

240. 

863. 

625. 

890. 

59.5 

189 

339 

513 

884 

1,253 

84.2 

259 

479 

726 

1,250 

1,779 

119 

366 

676 

1,027 

1,767 

2,516 

168 

617 

958 

1,452 

2,.500 

8,558 

Launders 12 Inches Wide. | 

1 Launders 16 Inches Wide. 

Dwth of 
Water. 
Inches. 

1 Slope in 1 Foot. 

Depth of 
W^ater. 
Inches. 

1 Slope in 1 Foot 

J^Inch. 

14 Inch.j 

Inch.! 

1 Inch. 

2 Inch’sl 
1 

i^Inch. 

^ Inch. 

I^Inch 

1 Inch. 

2 Inch’s 

Gallons per Minute. 

Gallons per Minute. 

1 

2 

4 

6 

9 

12 

69.3 

211 

625 

1,099 

1,908 

2,786 

98 

298 

884 

1,564 

2,698 

3,868 

139 

422 

1,250 

2,198 

3,816 

5,471 

196 

597 

1,767 

3,108 

6,895 

7.786 

277 

844 

2,500 

4,396 

7,681 

10,948 

1 

2 

4 

8 

12 

16 

94 

809 

890 

2,432 

4,116 

6,000 

183 1 
437 
1,258 
3,438 
5,820 
8,485 

188 . 
617 
1,779 
4,863 
8,232 
12,001 

266 

873 

2,516 

6,877 

11,640 

16,969 

376 

1,285 

3,559 

9,727 

16,464 

24,002 

Launders 32 Inches Wide. | 

1 Launders 32 Inches Wide. 

Depth of 
water. 
Inches. 

Slope in 1 Foot. 

Depth of 
Water. 
Inches. 

Slope in 1 Foolt. 

% Inch Inch. Inch. 

1 Inch. 

2 Inch’s 

14 Inch. 

Inch. 

HlQch. 

1 Inch. 

2 Inch’s 

Gallons per Minute. | i 

Gallons per Minute. 

1 

2 

4 

8 

196 

650 

2,075 

6,000 

278 

919 

2,933 

8,485 

393 

1,301 

4,149 

12,001 

658 

1,839 

5,867 

16,969 

786 

2,601 

8,25)8 

24,002 

16 

24 

32 

16,028 

26,751 

38,590 

22,657 

37,826 

54,565 

82,046 

.53,503 

77,179 

45,313 

75,(i5S 

109,131 

64,092 

107,005 

154,858 


§ 636. In regard to the transportation of sand by the water current, experi- 
mental figures from Dubuat*® are quoted in Table 380. They show the bottom 
velocities of currents in wooden launders of (planed?) plank, necessary to move 
various sizes of grains of certain specific gravities. 

TABLE 380. — SPEED OF WATER CURRENT NECESSARY TO MOVE DIFFERENT SIZES 

OF SAND AND PEBBLES. 


Velocities at Bottom of Stream, 
m Feet per Second. 


Material. 


Brown clay (specific gravity 3.64) 

Fine sand (Sp Gr. 2.64 ?) 

Coarse sand (Sp. Gr. 

Gravel, size of anise ■■ : ■ 2.1545) 

Gravel, size of peas or larger tSp Gr. 2 545) 

Gravel, size of common beans (Sp. Gr. 2 545) 

Beach pebbles, one inch or more in diameter (Sp Gr. 2.614) 

Angular weathered flint, about the size of a hen’s egg (Sp. G. 2 25). 


Slowest Observed 
Velocity that 
Moved the Grams. 

Fastest Observed 
Velocity that did 
Not Move the 
Grams. 

0 36 

0.27 

0 62 

0.53 

1 07 

0 71 

0 .53 

0.36 

0 71 

0 62 

1 55 

1 07 

.3 20 

2 13 

4 00 

3.20 


Nearly all of the mill launders transporting sand and water art' of .such size 
“that the streams are shallow and wide compared with the best proportion for 
water, stated above. This may be wiee; but perhaps if narrower, (lo(‘per streams 
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were used, slope might be saved. In order to treat this subject better, the author 
needs facts from the mills in regard to the size of grains, specific gravity of the 
minerals, quantity of sand and water transported, and the width, depth and 
slope of the stream. 


Unwateeees and Deiers. 

§ 637. Unwateeing Devices are used to diminish the water carried by sand, 
or the sand carried by water. The sand, if of value, is thereby put in better 
condition for the next step in the process ; if it is waste, it is in condition to be 
dumped or loaded while the water may be in condition to be used again. These 
devices may be classified as boxes, screens, and mechanical unwaterers. Un- 
watering boxes are discussed in § 340. 

Unwatering Screens . — In Mill 38 the coarse concentrates (from Ho. 1 and Ho. 
2 jigs), which are collected separately from the rest of the concentrates, are 
nnwatered by passing over a screen placed in the launder that leads to the col- 
lecting bin. In Mill 40, jig middlings, ranging in diameter from 7 mm. to less 
than mm. go to a trommel with 2i-mm. round holes. The oversize of this 
trommel goes to middlings rolls, while the water, together with the finest sand, 
goes to an un watering box. The screens used to un water jig tailings in Mills 
27 and 86 are described in § 443. 

In Mill 5 the concentrates from each log washer are unwatered by passing first 



FIG. 509. — joiinsoist’s mechanical sand shoveller. 


lo a irornnK‘l with 4.8-nim. round holes, from which the water and fines pass to a 
Hal scrocii of 14-incsh wire cloth sloping 35°. The reason for the two 
scHTMis IS I hat I ho size' of grams ranges from 50.8 mm. in diameter to fines. 

In Mill 7() the piih) from the clean-up barrel, after passing over amalgamatea 
plains goes to a tiink with a hiirinp filter in the bottom. The water goes to waste, 
and what is caught im the filter is smt to the chlorination works. 

Merhdnirnl f/wwo/ernir/.— 1'he Johnson Meehanieal Sand ShovclW is used at 
Mil! 5 (o t-emove the saml from the waste launder, in order to prevent the settling 
ponds filling np too rapidly ; and also to save fall, beemise the ^nd 
slo[ie in the la'ind<.r Ilian llic chiv. Tlie apparatus, of wbieb Fig. 50f) is an end 
elevation consists of a si'rics of scoops attached to each of two revolving shaftei 
The forn’i and inclination of the scoops is such that their operation is much like 
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that of a shovel in a man^s hands. Each scoop dips to the bottom of the launder^ 
and as it rises turns partially so as to gradually pour oflE the water (the water 
also draining through perforations in the scoop), and finally discharges the sand 
outside the launder into a car. For the details of construction the reader is. 
referred to the Transactions of the Am. Inst. Min. Eng., Vol. XXVIII., page 225. 
The machine takes out about twice as much sand in a given time as three men 
were previously able to take out; in fact, it appears to remove all of the sand, 
and let only the clay and fine silt pass on. 

A slime table with very gentle slope and slow speed of rotation is suggested as 
an unwaterer for slime. Some form of scraper would probably be needed to re- 
move the settled slime. The use of this plan is unknown to the author. The 
nearest approach to it is the method used for settling in some starch works: 
water carrying starch and gluten is passed over tables about 2 feet wide and 
100 or more feet long, having a slope of perhaps 1-| inches in 100 feet (0° 

The starch quite readily settles on the table, while the gluten, being much lighter^ 
is carried along. When the former has deposited to a depth of 5 or 6 inches the 
current is stopped and the starch removed with hoes. 

§ 638. Driers. — Ore or concentrates have to be dried for dry crushing and 
screening, for magnetic concentration, and to save freight charges in shipping* 
Since coarse material retains much less moisture, after draining, than fine ma* 
terial, it is often sufficient to simply drain the coarse concentrates before shipping, 
though the fine concentrates may require drying. For example, in Mills 27 and 
29 concentrates finer than 0.9 mm. and 2.5 mm. diameter respectively, are dried 
before shipping, while the coarser sizes are shipped without drying. The per- 
centage of moisture retained by different sizes of ore is shown in § 819. When 
fine ore is to be shipped it is advisable to leave 2 or 3% of moisture to prevent 
loss of dust. 

Drying is done either in revolving cylinders, in shaft furnaces or on drying 
floors. 

In Mill 27 a Cummer Drier is used. This consists of an inclined revolving 
cylinder, through which the hot gases from a furnace are drawn after they have 
passed Weath the cylinder. The drying is assisted by internal longitudinal 
blades which lift the concentrates and allow them to fall through the current of 
hot gases. A positive draft is maintained by means of a suction fan. This 
drier at Mill 27 treats concentrates of 0.9 mm. diameter and finer at ihe rate 
of 10 tons in 7 hours, using 975 pounds of coal, which includes the coal required 
to heat the drier after 14 hours’ idleness. The moisture is reduced from 23% 
to 3%. 

In Mill 92 the jig concentrates are dried in a revolving cylinder provid(Ml with 
internal longitudinal lifting blades. Mill 89 uses a revolving plate-iron cylinder, 
lined with brick, to dry the ore from the breaker (about 2 inches maximurn diam- 
eter). This cylinder has an outside diameter of 6 feet, is 24 foot long, slopes 4 
incjies per foot, and makes 7 revolutions a minute. Tt handles 125 tons in 10 
hours, and could handle more. The percentage of moisture is not stated. Oil is 
used for fuel, and the amount is | gallon per ton of ore dri(‘d. 

In Mill 29 there is a slightly conical revolving drier, 18 fec*t long, with diam- 
eters of 36 inches at the small end and 44 inches at the large end, and nwolvin ; 
37 times a minute. The hot gases from the fire pass through the cylinder in 
one direction while the ore passes in the opposite direction. 

In Mill 94 the ore, after being broken to J inch (19.1 mm.) and less, was dried 
in an Argali four-cylinder drier previous to fine crushing and screening. This 
drier differs from the common cylindrical form in having a nest of four com- 
paratively small, brick-lined cylinders (about 18 inches inside diameter) instead 
of one large cylinder. The nest is fastened inside of two heavy track bands. 
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which are supported and driven by two pairs of supporting rollers. The hot 
gases from the fire pass through the pipes in the opposite direction from the ore. 
This design is claimed to better utilize the heat of the gases from the fire. At 
this mill the moisture was reduced from 10% to 1% in 70 tons of ore in 24 
hours, using one ton of coal. The drier sloped inches per foot (7° 5'), and 



FTG. 510&. — ^DETAILS OF EDISON DRIER. 

made two revolutions per minute. Tt was at first run at half the above inclina- 
tion, and twice the above speed, but these latter adjustments caused excessive wear 
on the tracks. 

At Mill 91 Edison's Drying Kiln is used to dry the ore after it has been crushed 
to about i inch (12.7 mm.) maximum diametefr. It consists of a tower 8 feet 
square and 50 feet high in sections made of iron plates. (Pigs. 510a and 610& 
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show the furnace differing slightly, but only in unimportant details, from the 
one here described.) The ore first passes over a set of screens to remove roots or 
other foreign matter; and then to the distributor (Fig. 493), which spreads it 
uniformly. The falling ore then meets a system of baffle plates (Fig 510&), 
which extend between two sides of the tower. The plates on each level are parallel, 
but slope at right angles to those on the next level. The ends of these plates rest 
in slots in the sides of the tower, and can thus be easily removed. The plates 
are 8^ inches wide, ^ inch thick, and slope 45° in the direction of the width. The 
least distance between the edges of any two plates is about four times the diameter 
of the largest particle of ore. If the ore contains more than 17% moisture it 
sticks to the upper baffle plates, and to take care of such ore two of the upper 
rows of plates are provided with levers with which they may be shaken longitudi- 
nally (see Fig. 5105). After the ore has passed over these upper plates it is dry 
enough, superficially, to prevent sticking. The hot gases for drying are intro- 
duced at three different levels through three sets of brick checkerwork in one 
side of the tower, the baffle plates being omitted from the sections where the 
hot gases enter. The gases are drawn off from the top by a suction fan which 
delivers to a dust catcher. The drier treats 300 tons of ore per hour, using 1,400 
pounds of anthracite coal in that time. The ore passes through the drier so 
rapidly that the moisture is not all carried off, but so much heat is retained 
that there is no difficulty in removing nearly all the remaining moisture by dry 
air blown through the stock house at the rate of 50,000 cubic feet per minute. 

A second drier of the same kind, bnt 6 feet square instead of 8 feet, is 
used to remove the last traces of moisWe, and to prepare the ore for the dusting 
chamber (§ 600) after it has been crushed to a maximum diameter of about 
0.06 inch (1.5 mm.), and has been pajrtially concentrated by the Ho. 1 or 12- 
inch magnets. 

One of these driers, 3 feet square infl 24 feet high, has been installed in 
Mill 92, to replace another form, for drying all of the ore after it has been 
reduced to a maximum diameter of about inch (38.1 mm.). 

In Mill 28 there are two drying floors, each 25 feet long and 12-J feet 
wide, upon which are laid six 4-inch steam pipes, three conveying steam for- 
ward and three pipes returning it to the exhaust. The concentrates from 40 mm. 
to 2 mm. in diameter are dried on one of the floors, and all finer than 2 mm. 
on the other. 


Miscellaneous Apparatus. 

§ 639. Eemoval of Pick-points, Bolts, Sticks, etc. — To prevent strains 
upon crushing rolls and to prevent clogging of the different machines, coarse 
screens are sometimes used to remove pick-points, sticks, etc., from the ore, aft(‘r 
it has been through the breaker. These things arc^ also more or less perfectly 
removed by hand picking. In Mill 91, for this purpose, the ore from the No. 3 
corrugated rolls, is passed over a set of three No. 1 screens which arc plane p(‘r- 
f orated plate screens, just before entering the drier. Each screen is 36 in ('Iks 
long, 38 inches wide, and slopes 40°. The upper one has slots 1^X3 indies, and 
3 inches apart. The middle and lower screens have slots 1 j X 2} inches and 
J inch apart. The undersize of the first goes to the second, of th(‘l^{‘C()nd to th(‘ 
third screen, and of the third to the drier. The oversize of all tlirce screens 
thrown out. 

In Mill 94, pick-points, bolts, etc., are removed from the ore before aoiim 
to the No. 1 rolls, by means of 1-inch round holes on the last 2 feet of Nh. 1 
trommel, the first 4 feet of which are covered with 4-mosh wire cloth. The 
undersize of the 1-inch hole goes to rolls for further crushing, while its over- 
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size contains the pick points, etc. The material through 4 mesh on 5 mesh, 
from No. 2 trommel, is mainly chips, strings, etc., and goes to waste. 

In Mill 92 the ore, after being reduced to a maximum of about 8 mesh, goes 
to 10-mesh trommels, the oversize of which goes to a 1-mesh trommel, and the 
oversize of the latter is sticks, nails, etc. 

Dust-fans and Chambers. — When ore is treated dry, as in sampling mills, 
pneumatic mills and magnetic concentrators, there may be so much floating dust 
that suction fans are needed to remove it. Fans are also used in some cases 
to hasten drying, as in Mills 27 and 91. In Mill 89 two suction fans are used, 
one to remove dust from the magnetic machines, and the other to remove dust 
from the crushing machinery and trommels. In Mill 94 there is a suction fan 
connected with the housings of all rolls, elevators and trommels. The heavier 


part of the dust settles in a dust chamber. 

The centrifugal dust collector commonly used in wood working mills and flour 
mills may prove valuable in some cases. Where the dust carries much value, or 
whore it is especially necessary to prevent it from blowing into the air, a bag room 
is a simple and efficient means of catching it.^® This consists of a room 

in which a large number of burlap or cotton cloth bags or tubes are suspended 
vertically. There are two methods of operation. In one, the air and dust 
come through the large horizontal distributing pipes in the top of the room, 
and pass down through nipples into the bags, the lower ends of which lie on the 
floor. The air can pass through the meshes of the bags while the dust cannot. 
The latter falls or is shaken down at intervals, and is periodically emptied into 
wheelbarrows. In the other method, the air and dust are carried into a chamber 
with hoppers in the bottom, and pass up into the bags through nipples in the 
top of the chamber. The dust is shaken down into the hoppers, from which 
it is drawn off through gates. Sturtevant claims that, for ore, burlap is a 
bcytter material than cotton: 1st, because the holes are not so easily clogged by 
the dust; and 2nd, because, when the blast is stopped, the collapse of the bags 
causes a large part of the adhering dust to fall down, while with cotton the bags 
must be shaken to remove the dust. 

Weigiiing Ore.— Platform scales may be provided upon which the cars or 
wa‘»'()iis bringing ore, or removing concentrates, are run to be we^hed. At 
MiTl S(i Iho concentrates are weighed as they are being wheeled in b^i’ows to 
th(' uiirs. It is a coiiimon custom to weigh a number of cars of ore, and nse the 
average weight for making up daily accounts of tonnage. This method may be 
accurate etiougli to indicate irregularities in the work of the mul, but it is not 
accurati' enough to base financial transactions upon. For that purpose careful 
wciahinu, inoisiure samples and assays are all required. 

('an' should be used that heavier loads are not put on the scales than the 
latter are intended to weigh ; and the scales should he tested occasionally to see 
that lliev ure accurate. It will be suggestive to mention a caae where the scales 
were freiiuently tcstcHl and were supposed to be accurate; but the test weights 
were found to be so much in error that a mistake of about 40 pounds per ton 
had been nuulc. The idea has been suggested that disputes may arise in case 
of shinment on account of differences in weight between places of high and of 
l()w alhludi-; hut it should bo stated that this difference occurs spring 

halanrcs, which, of course, are never used in dealing with ots. With a sprin„ 
balance tlu' difference is only about two pounds per ton between sea level and 
a heiirht of 10 000 feet in the same latitude; and if the places are as far ap 
in lariJi'de as British Columbia and the Gulf of 

7:^ pounds per ton. In ihis book a ton always means 2.000 pounds unless othe 
wirindieured. The long ton contains 2,240, the so-called “miners ton 2,35., 
and the nielrie ton 2,204 pounds. 
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BIBXIOOEAPHY of ACCESSOBY AFPARATtrS. 

SAMPLING. 

1. Am. Chem. 8oc., Vol. XV., (1893), p. 260. Shimer and Reifsnyder show, by experi- 

ment, the advantage of having ore somewhat moist for sampling. 

2. Am. Inst. Min. Eng-, Vol. XX. (1891), p. 155. Wm. Glenn discusses the need of care- 

ful, unprejudiced sampling, and describes hand sampling by channelling. Discus- 
sion by R. W. Raymond, with description of Cornish quartering. 

3. /bid., p. 416. H. L. Bridgman discusses sampling and describes the Bridgman mechan- 

ical samplers. Illustrated. 

4. /bid., Vol. XXV., (1895), p. 826. D. W. Brunton discusses the theory of sampling; 

and by using certain experimental data, deduces a formula showing the relation 
between the weight of a sample and the maximum size of the ore grains. 

5. Ibid., Vol. XXVT., (1896), p. 1098. Henry A. Vezin discusses the advantages of a 

good mechanical sampler compared with hand sampling. 

6. Can. Min. Rev., Vol. XVII., (1898), p. 43- F. T. Snyder- A simple automatic sampler. 

Illustrated. 

7. Chem. and Met. Soo. E. Africa, Vol. II., (1898), No. 8, p. 155. S. H. Pearce dis- 

cusses sampling of various products and describes an automatic sampler for tail- 
ings. Illustrated. 

8. Collins, H. F., (1899), ‘"Metal, of Lead,” p. 2. Description and discussion of Clark- 

son sampler. Illustrated. 

9. Eng. Min. Jour., Vol. LI., (1891), p. 718. The disadvantages of systematic hand 

sampling. 

10. Ibid., Vol. LII., (1891), p. 264. A. D. Hodges, Jr. Necessary precautions in hand 

sampling. 

11. Ibid., Vol. LIII-, (1892), pp. Ill and 132. Paul Johnson gives details of Cornish 

sampling at the El Paso smelter. 

12. Ibid., Vol. LXI., (1896), p. 543. Bridgman’s assay office sampler. Illustrated. 

13. Ibid., Vol. LXIII., (1897), p. 160. W. W- Taylor. Sampling a pile of ore by driving 

in an iron pipe at various places. 

14. Hofman, H. 0., “Metallurgy Lead,” (1899), p. 42. Discussion of sampling with 

descriptions of hand sampling and several mechanical samplers. Illustrated. 

15. Iron d Steel Inst., Vol. XLIV., (1893), p. 131. Thomas Clarkson. Principles of 

sampling, and description of the Clarkson sampler. Illustrated. Discussion. 

16. Mines d Minerals, Vol. XX., (1899-1900), p. 391. Same as Chem. d Met. Soc. 8. 

Africa, Vol, IT, p. 155. 

17. 8ch. Mines Quart., Vol. III., (1881-2), p. 253; and VI., (1884-5), p. 351. S. A. 

Reed discusses the theory and practice of sampling. 

FEEDERS AND DTSTRIBUTORS. 

(8. Eng. d Min. Jour., Vol. LIV., (1892), p. 5. John W. Meier. Descriptions of auto- 
matic feeders used at Przibram. Illustrated. 

19. Zeit. Berg. Hiitt. u. Salinenwesen, Vol. XLIII., (1895), p. 215. Description of the 

Mustersehutz slime feeder. Illustrated. 

ELEVATORS AND CONVEYORS. 

20. Am. Inst. Min. Eng., Vol. XII., (1883-4), p. 499. S. Stutz. Link belt elevators and 

conveyors. Illustrated. 

21. Ibid., Vol. XXVI., (1896), p. 78. Thomas Robins, Jr., discusses conveying by belts 

and describes his special belt, rollers, etc. 

22. Berg. u. Hutt. Zeit., Vol. LV., (1896), p. 397, Short description and data in regard 

to the Kreiss jerking conveyor. 

23. Eng. d Min. Jour.. Vol. LXVIl.. (1899), p. 236. Details of a 60-foot sand wheel for 

the Henry Nourse Gold Mining Co., S. Africa. Tllustratc'd 

24. Min. Ind., Vol. V., (1896), p. 264. John E. Rothwell discusses details of belt ele- 

vators. 

25. Rittinger, P. R. von, (1867), ""Aufbereitungskunde,” p. 497. Elevators, sand wheels 

and conveyors. Illustrated. 

26. 8^. Afric. Assoc. Eng. d Architects, Vol. IV., (1897-98), p. ,53. H. R. Skinner. Some 

details and costs of tailings wheels on the Rand, and comparisons with pumps 
and bucket elevators. 


PUMPS. 

27. Am. Eng. d R. R. Jour.. Vol. LXVITL, (1894), p. 411. John Richards. Discussion 
of the details of centrifugal pumps. 
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28. Am. 8oc. Mech. Eng., Vol. VII., (1885-6), p. 608. W. O. Webber. Efficiencies of 

centrifugal and reciprocating pumps. 

29. Ibid., Vol, IX., (1887-8), p. 228. W. O. Webber and others discuss the construction 

and efficiency of centrifugal pumps. 

30. Berg. u. Butt. Zeit., Vol. XXXII., (1873), p. 283. Short illustrated description of a 

special plunger pump for sand and water. 

31. Eng. d Min. Jour., Vol. LXV., (1898), p. 553. Illustrated description of Erenier and 

Leblanc spiral sand pump. 

32. Freiherger Jahrh., (1893), p. 83. Seemann gives figures showing the grinding effect 

of a centrifugal pump on sand. 


LAUNDERS. 

SS.^Dubunt, (1816), “Principe d’Hydraulique et de Pyrodynamique,” Vol. H., pp. 77-90. 
Bottom, top and mean velocities of flow of water in small wooden channels, 
pp. 91-97. Bottom currents required to move different kinds of sand, gravel and 
clay. 

34. Hering and Trau twine, (1889). Translated from Ganguillet and Kutter, with ad- 

ditions), “A General Formula for the Flow of water,'^ p. 131. A large number 
of gaugings of the flow of water in pipes and open channels of various dimensions. 

MISCELLANEOUS. 

35. Am. Inst. Min. Eng., Vol. XXVIII., (1898), p. 225, J. E. Johnson, Jr. An auto- 

matic shoveller for removing sand from water running in launders. 

36. Hofman, H. 0., (1899), “Metallurgy Lead,” p. 131. Description of Lewis and Bartlett 

bag process for collecting dust and fumes, p. 378. Discussion of various methods 
of condensing flue dusts, with descriptions of different forms of dust chambers. 
Illustrated. 

37. Peters, E. D., Jr., (1895), “Copper Smelting,” p. 475. Short discussion of dust 

chanibors. 

38. Schnabel, Carl, (1896), “Handbuch der Metallhiittenkunde,” Vol. II., p. 240. Also 

Louis’ ^translation, (1898), Vol. II., p. 228). Description of bag rooms for col- 
lecting^zinc white. Illustrated. 
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PART IV. 


MILL PROCESSES AND MANAGEMENT. 

r ; 

Having discussed^ individually, the various kinds of apparatus which, find ap- 
plication in concentrating mills, there remains the consideration of the mills 
as a whole, toelhcLing'ih^ vhtiioiis! comhiiiiitions of principles) tlie!difiei^iitiarrange- 
ments of apparatus; the management of mills; general items such as power, 
water, costs, etc. ; mill testing and the selection of processes suitable for different 
ores. 





CHAPTER XX. 

SUMMARY OF PRINCIPLES AND OUTLINES OF MILLS. 


§ 640. Summary ou Principles. — For the convenience of the student of miU- 
ing a resume is here given of the different principles employed in separating 
minerals. I’lie mode of combining these principles will be found in the mill 
schemes which follow later. 

Hand Picking. — The eye and hand are guided in selecting the good ore from 
the waste, the waste from the good ore, or one valuable mineral from another 
by the color, lustie, aggregation, fracture, and specific gravity of the minerals. 

Sizing ly Screens puts together in groups particles which are of about the 
same size irrespective of specific gravity. The variation of size ranges from the 
largest grain that could come through the screen above to the smallest grain that 
could rest on tlio screen below. ' The trommels or drum screens and the fiat 
screens, wlu'tlior shaken or fixed, are included in this class. 

Sizing by a Water Film on a Surface puts together particles which are about 
the same size, 'riie specific gravity of the minerals probably affects this opera- 
tion to a limited degree. For example the finer grains of quartz in any given 
product roll more easily than the grains of galena of the same size. The slime 
table, canvas table, blaiiket table, and huddle are all included in this class. 

Sorting by Free Settling is done by classifiers of all kinds. It puts together 
in any given product partudes that are equal settling under free settling condi- 
tions,' in which the particle of mineral of higher specific gravity is of smaller 
<liameler than that of lower specific gravity. 

lUntrUition is done hy stirring up the mixed grams in a vat or tank. Alter 
a period of settling tlu' coaix'r grains, the supernatant water containing the 
liohler grains is di'awn off. The operation is free settling applied to very fine 
particU's d'he washing of clays is virtually elutriation, but it is generally con- 
tmiioiis as far as the removal of the line stulT from the coarse is concerned, in- 

immiillenl only ill the settling of the line clay. i 

soil Sortinq bq Hindered Settling is done on the beds of pgs during pul- 
sioii or ior\s;irt 

I 1 t . ... -.llw... Ill .iti\r ■ '1 -- - O 

trrain of hiijflior s])Ocifie gravity 
on(‘ of low(M* spoc-ific' ^‘ravity is smaller 


in.ke of the plunger. It causes the particles to bocoine layered 
or stralilied and bi'ings togellu'r, in any layer, grains that are equal seiUing under 
hindered settling eonddion-. Here again the 

winch IS In-oiighi inlo eipiilihnnm wit.. . - . ,v • •, ii.. 

in diameter than the latter, hut Hie dilTereiice in (luimclers is considerablv 

(‘T 1 lill n \V 1 1 h I |■(*(' '^<‘1 I 1 I MU 

Sh, Hon lakes place on Ihe he, Is of jigs during the return stroke ol the plunger 
l!v It anv er.iins of high ff 'ivilv that are s.iial enough to do so are 

dnivvn down (hrmigli the nilerslices of Hie bed mlo Hie hutch below. 

Sorting bq Setllinq in diV.— This action takes place on the bed ot a pnoii- 
inatie jig during Hie pulsion or forward motion ol the plunger. It puts ‘U 

.rniins that ai.-' Tqiial s,.|Hing in air. The cirect may not he dissinnhir to hi. - 
dered settling in water. No eHensiv(‘ investigation to settle this point is 

and 7'ni /ei ten/'— When particles are thiown wiHi equal vej'’y|.v 
in a horizontal .lll•.rt.o.l they hold their moincntiun tor diflerent lengths of 
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time according to their specific gravity and size. In consequence of this they 
drop at shorter or longer distances from the starting point. The grains of equal 
trajectory are grouped in practically the same way as grains that are equal set- 
tling in air. There may be some difference in the ratio of diameter in the two 
cases, but in regard to this the author has no information. The Pape-Henne- 
berg and Clarkson-Stanfield separators work on this principle. 

Agitation takes place in the bed of sand on a vanner belt or on a jerking table. 
By it the grains of heavy mineral are settled into a layer beneath those of the 
lighter. The finest grains of heavy mineral are, however, imperfectly settled. 
The travel of the vanner belt carries up the heavy layer. The heavy layer on 
the bumping or jerking table is removed by the same jerking movement which 
makes the layers. 

Greasy Flotation . — When particles refuse to become wetted they may float 
in a little dimple in the surface of the water, or if immersed they may retain 
attached to them air bubbles which float them up later. This principle, how- 
ever, is so unreliable and difficult to control that it is usually considered more 
an injury than a benefit. 

§ 642. Plate Amalgamation . — ^When pulp containing free gold, freshly bright- 
ened by the action of the stamps, flows over, or, still better, impinges upon a 
clean amalgamated plate the gold particles are instantly amalgamated and 
cemented to the plate while the sand flows off. 

The Greased Plate , — When diamond bearing sands are fed with water upon an 
inclined table with a suitable coating of grease upon it the diamonds stick to the 
grease and are retained, while the quartz sand flows off with the water. 

Magnetism . — When mixed magnetic and non-magnetie sands are brought 
within the sphere of attraction of a magnet the former are attracted while the 
latter are not. When mixed particles of more magnetic and less magnetic power 
are subjected to an electromagnet the current of elefctricity may be so adjusted 
as to take out only those that are more magnetic, allowing the less magnetic to 
move on. 

Roasting for Magnetism . — When mixed minerals, one of which contains iron 
and is susceptible of decomposition by heat and oxidation, are roasted in a fur- 
nace at a moderate heat with a flame of limited oxidizing power, the iron mineral 
goes over into magnetic oxide which is strongly attracted by the magnet, while* 
the other does not. The removal of pyrite from blende is an illustration. 

Roasting for Porosity . — When two minerals, one of which is more susceptible 
to decomposition by heat and oxidation than the other, are roasted at a moderai(* 
heat the former becomes soft, porous or spongy in form and practically lighter 
in specific gravity, while the latter remains unchanged. The removal of pyrit{* 
from cassiterite (tinstone) is an illustration. 

Decrepitation . — Tf a product, consisting of a crystallized mineral and an 
amorphous mineral, or of two crystallized minerals which decrepitate at difT(*r- 
ent temperatures, be heated on a plate one of the mineralh may d('crepitat(‘ or 
break up into small fragment^? while the other remains unchanged. The removal 
of barite from blende is an illustration of this. 

§ 643. Centrifugal Force . — Tf an emulsion of two liquids 1)0 placed in a strong 
c^linde^ which is being revolved at high speed, the tighter component liquid scek^ 
the center of the cylinder while the heavier seeks the circumference. TTiis prin- 
ciple is used in the milk separator. If water carrying fine mineral slimes lx* 
put in the above cylinder the solid particles all seek the circumference, and prob- 
ably do so in the same order that they would fall under free settling conditions. 
It would seem, therefore, that the best that could bo expected would be the un- 
watering of fine pulp. The efforts to utilize this principle have not produced a 
machine which is generally accepted in ore dressing. 
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^ Brittleness under Crushing Force. — Of two minerals being subieeted to cmsli- 
ing by pressure as with rolls, one many be brittle and break easily to fine grains, 
while the other is tenacious or even malleable, and refuses to be broken finely. 
Native copper and gangue may be so separated, but the separation is incomplete 
since there is always some fine copper to go with the gangue. 

^ Friability under a Blow. — Of two minerals subjected to the beating action of 
high speed revolving beaters, one may be broken into small grains while the 
other is not. The Vapart Disintegrator has been used to separate blende from 
pyrite by this principle. 

§ 644. Combinations of Principles of Separation. — If the above principles 
of concentration be used alone uncombined with others, they would in most cases 
give very incomplete concentration of values or none at all. But on the other 
hand, if they are suitably combined a separation may be made as complete as 
commercial conditions will allow. Some of these combinations will now be 
given : 

Sizing before Sorting^ is a combination illustrated in trommels followed by 
jigging with water or air, and in screening followed by Clarkson-Stanfield cen- 
trifugal dry separators. In both of these groups the screening places together 
grains of the same size, but different gravities, and the jigging or the dry 
separating separates the heavier grains of each group from the lighter. 

Sizing folloived by Agitation is a combination illustrated by slime table mid- 
dlings treated on a vanner. Here the slime table has removed the larger part 
of the fine concentrates, and sends its middlings, which are coarser, to a vanner^ 
which separates the valuable minerals from the waste, making a very appropriate 
grouping of machines. 

Sizing followed by Magnetism and by Sorting occurs in trommels followed 
by Wetherill magnets and by jigs in Mill 92. The trommel puts like sizes to- 
gether, the magnet takes out the franklinite suitable for zinc oxide furnace and 
spiegcl furnace, and the jig saves the willemite and zincite from the limestone 
for the spelter furnace. 

§ 645. Sorting before Sizing is illustrated by a classifier followed by a slime 
table, or by a Pape-llenneberg dry separator followed by a slime table. The box 
classifier or Pape-Henneberg machine puts the small grain of mineral of higher 
gravity wilh the larger grain of lower, and the table following, by its quality of 
sizing* retains the small grain of heavy mineral and rejects the large grain of 
waste. 

Sorting followed, by Agitation occurs where a classifier is followed by a vanner. 
This is not an entirely logical method, as the vanner does not require the larger 
grains of heavy mineral to be taken out. It is really an expedient to get a series 
of ])r()dii('ts io be ireatcd bv a scries of vanners. 

Sorting followed by Suction is Sihown by a hydraulic classifier followed by a 
be(l(l(‘d jig. Tlu* classifier puts the smaller grains of heavy mineral with the 
larger grains of lighter mincfral. The bedded jig by suction draws down the 
small grains of heavy mineral through the interstices into the hutch below. 

Sorting followed by Suction and again by Suction occurs where a classifier is 
follow<‘(rbv a roughing jig and by a finishing jig. The classifier puts the larger 
lightcT grains with the smaller heavier. The roughing jig with its coarse bed 
and rapid In^aiment rejects the largest light waste, yielding a hutch product of 
small <iiiantity for the finishing jig to treat more slowly with a finer bed. On 
the finishing jig light particles are lifted during pulsion while the fine heavy 
particles are drawn down through the bed into the hutch during suction. 

Arnalgarnaiion followed by Agitation occurs where an amalgamated plate is 
followed by a vanner. The amalgamated plate saves the bright free gold and the 
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vanner saves the rusty gold and the values that are associated with the heavy 
mineral. 

Amalgamation and Agitation followed by Sorting j Sizing, and Agitation is a 
combination shown by amalgamated plate, vanner, classifier, canvas table, and 
vanner. The plate takes the clean gold, the first vanner the coarser, heavy 
values, the classifier throws away in its spigot product the coarse waste, the canvas 
table throw's away a finer waste product, and finally the little vanner saves the 
finest values, rejecting the finest waste. 

§ 646. Various other combinations are in use as will be seen by the reader when 
he studies the mill schemes, and furthermore, new combinations may suggest 
themselves to him. 

Theoretically the principles would allow a perfect separation, but practically 
such is rarely, if ever, obtained. This incompleteness of the separation is due to 
various causes, the complete removal of which is not commercially possible. 
Considering Mills 1 to 43 inclusive, which have the valuable mineral generally 
in the form of sulphide associated with gangue, we have, after crushing, the 
valuable minerals existing as: {a) compact grains, (&) flattish grains, (c) in- 
cluded grains, and (d) fine slimes. The compact grains (a) are easily separated 
unless the machines are run too fast. The flattish grains (b) are difficult to 
separate owing to their slowness in settling. The included grains (c) prevent a 
perfect separation since they oblige us to send gangue into the heads and values 
into the tailings, or else make a middling product requiring re-treatment. This 
middling product will include also some of the flattish grains. The fine slimes 
(d) are saved with difficulty because they settle so slowly, and are so easily car- 
ried forward by water currents that the commercial limit is reached before the 
last of the values is saved. A discussion of the commercial limits in ore dress- 
ing will be found in § 832. 

Schemes of Mill Treatment. 

§ 647. The great variety of states of mineral aggregation existing in ores, 
which may indicate entirely different treatment for two ores of even identically 
the same chemical composition, seems to make it necessary that this work should 
lay before its readers a great many mills, representing as great a number of* 
variations as possible. In this way the intelligent reader will see how others have 
handled the various difficulties of their problems, will form his own opinions as 
to their virtues and faults, and will derive guidance for the solution of his own 
problems. With this aim in view the following mill schemes are inserted. 

(a) SIMPLE JIGGING MILLS USING HAND JIGS. 

§ 648. This group includes Mills 1 , 2 and 8 , and a general description of TTand 
Jigging at Joplin. Hand jigging plants are generally used on rnim' fines wiilioul 
crushing, to bring up ores that are already moderately high grade, ihat is. to put 
three tons or less of ore into one ton of concentrates. They ar(‘ g(MHM'ally us(‘d 
without a breaker; for wheneyer it pays to put in the latter with tlu* n('C(‘ssar;v 
engine it is usual to go further and add a pump and power jigs. 

The hand jig is one of the cheapest and simplest washers, and can he put 
together with few tools in out of the way plac(‘s ; where labor is cheap ihe cosf 
per ton is low, and when the tonnage is low the simplicity of th(‘ liand jig give^ 
it preference over the more complicated power jigging plants. Tf is yery useful 
in the early stages of mining and concentrating operations to settle the queslions 
how much can be saved, what is the quality of the valuable minerals that are 
saved, and what is probably the best method of concentrating. There are certain 
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districts, particularly in the Missouri and Kansas zinc regions, where the seat of 
mining operations changes every little while and the hand jig can be picked up 
and moved to the new plant with little cost. A more elaborate mill could not be 
easily moved. At Granby, Missouri, the miners with their hand jigs (Mill 2) 
partially concentrate the ore and the concentrates are finished in a larger, more 
systematic mill (Mills 16 and 17). 

§ 649. Mill No, 1. The Genesee-Vanderbilt Miking Company, Guston, 
Colorado. — The mill runs day shift only. The ore consists of the economic 
minerals gold and silver bearing pyrite, galena, blende and a little polybasite, 
and a gangue of quartz, porphyry, barite and clay. The pyrite has very little 
value, and is kept out as much as possible in the mine. The copper in the 
ore is rarely above 3%. The problem is to save the gold, silver, lead and copper. 
The ore is picked in the mine into shipping ore which goes to smelter and con- 
centrating ore which goes to the mill and is shoveled to (1). 

1. Gravel screen. Oversize to (2); undersize to (3). 

2. Picking fioor. Smelting ore to smelter; residue to waste. 

3. From (1). Hand jig with sieve having |-inch square holes. Top skim- 
mings to waste; bottom skimmings to (5) ; hutch (when enough has accumu- 
lated) to (4). 

4. Same jig with an 8-mesh sieve laid over the |-inch sieve. Top skimmings 
to waste; bottom skimmings and hutch to (5). 

5. Prom (3) and (4). Concentrates floor. They are sacked and shipped to 
smoltGr 

Laborers’ wages are $2.50 per day, mechanics’ $3.7’0. The price of board is 
$1 per day; of coal $6.50 per ton delivered. 

§ 650. Mill No. 3. Gkanbt Hand Jig, Granby, Missouri. — Capacity 8 
tons per day (probably 10 honrs). The mill runs day shift only, 6 days petr 
week. The ore consists of the economic minerals blende, calamine and galena 
in coarse crystallization and a gangue of quartz, flint, calcite and dolomite. The 
problem is to save the zinc and lead. The ore is hoisted from the mine by 
bucket and hand whin to (1). t , ij 

1. Spalling floor. The ore is broken to 3 inches diameter and shoveled 

2. Trough washer. Olay and fine stufl to waste; coarse stuff to (3). 

3. Gravel screen with l:J-inch square holes. Oversize to (4) ; undersize to (5). 
Picking floor. Blende and calamine to (8); galena to (9); residue to 

WtlRlc 

.5. Vrotti (.3). Hand jig on zinc ore. Top skimmings to waste; middle skim- 
mings lo (8) ; iMittom 'skimmings (when enough has accumulated) to (6) ; 

hulch to (7). 1 •• i /n\ 

(i. Haiiie jig on galena ore. Top skimmings to (8) ; bottom skimmings to (9) ; 

hutcli to (9). T.. 1 Ti /p\ 

7 Kroiii (.5) Same jig on fine stuff. Products like ((>). 

H Kroiii til (5), (fi’l and (7). Zinc concentrates bins. To Mill 17. 

<»’ ffrom (1)! (6) ainl ('?)• Tx-ad concentrates bin.s. To Mill 16. 

'Phe labor icciiiiivd i'- two men. HTc lead ore from the mine runs ,5 to 50^^ 
<r„lctia i'hc lead cmiccnl rates. 75 to 05% ; the zinc ore runs 10 to 75% blende and 
calamine, the zinc conemit rales, .50 to 05%. One hundred tons of ore yield from 

10 to 3.3 tons of couci'iit rates. . 

5 651 Mill No 3 Hull (ti'on EAiiTir, Joplin, Mi.s.sourt.— Capacity 50 
tons in’o hours. 'Plic mill runs 0 hours per day, 6 davs per week. The ore 
consists of the economic minerals blende and galena in coarse crystallization 
and a gangue of limestone and flint. The problem is to save the zinc and lead. 

Oro is hoistod io (1). 
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1. Receiving floor. The ore is shoveled to (2)o 

3, One Blake breaker, 6X8 inches. To (3). 

3. One pair of rolls, 12 X 14 inches, set J inch apart. To (4). 

4. Three No. 1 or roughing hand jigs. Top ski mm ings to waste; middle 
skimmings returned to jig; bottom skimmings to (5) ; coarse hutch to (5) ; fine 
hutch (sludge) from rear part of jig tank sold to sludge mill. 

5. One No. 2 or finishing hand jig. Top skimmings to waste ; middle skim- 
mings returned to jig; bottom skimmings to (6); coarse hutch to (6); fine 
hutch (sludge) sold to sludge mill. 

6. One No. 3 or lead hand jig. Top skimmings (blende) to market; middle 
skimmings returned to jig; bottom skimmings (galena) to market; hutch 
(galena) to market. 

The labor i‘equired is 9 men : 3 on breaker and rolls, 3 on No. 1 jigs, 2 on No. 2 
jig and 1 on No. 3 jig. Wages are $1.75 per day. The power is from a boiler 
running at 65 pounds pressure and burning 1 ton of coal per day. An engine 
with cylinder 8 X 12 inches making 160 revolutions per minute furnishes 25 
horse power for running the mine hoist, the breaker and the rolls. One hundred 
tons of ore yield 14 to 16 tons of zinc concentrates and 2 to 4 tons of lead con- 
centrates. 

§ 652. TJsual Practice of Hand Jigging in the Joplin District, Mis- 
souri. — The ore is practically the same as that described in § 663. 

The roughing jig receives the undersize of a gravel screen with holes 1-inch 
square. The screen of the hand jig has spaces f to J inch (9.5 to 12.7 mm.) 
wide, and on it is a coarse open bottom bed of blende about 2 inches deep. The 
ore is shoveled on this to a depth of about 8 inches, and is jigged with a long 
stroke, the man standing on a spring board. His hands move as much as 12 to 
14 inches, and the jig screen moves 2 to 3 inches. The downward movement 
of the screen is as fast as possible; this is effected by a loose eye connection. 
The upward movement is slow and strong for suction, and there is a slight pause 
at each end of the stroke. Practically all the fine galena and blende is sucked 
down through the jig screen into the tank; a little gangue also goes down. 
When the jigging is finished the screen is lifted up, the top waste layer is skimmed 
down to ^^chats^^ or included grains, the screen frame is again filled up with ore 
and jigging renewed. This is repeated five or six times. The top layer is then 
skimmed off to waste; the middle layer of ^^chats'^ is sent to a custom crusher; 
the bottom layer of concentrates is picked by hand into two products, blcnd<^ 
and galena which go to concentrates bins. The ^^smittera” which passes through 
the jig screen and settles in the jig tank is shoveled from the tank to the jig 
screen to drain and then skimmed out upon the platform. This process concen- 
trates 4 or 5 tons into 1 ton. Sometimes the ^^smittem” is rejigged on the rougli- 
ing jig using a deeper blende bed. This makes "second smittem” which is much 
cleaner than the "first smittem/’ 3 or 4 tons being reduced to 1 ton. 

The cleaning jig has the same size of screen as the roughing jig, but it uses 
a deeper, finer, closer bottom bed. The motion for the cleaning jig is a short 
quick stroke with very small motion, an art that lias to be learned. Tlie "smit- 
tem’^ is treated with a galena bottom bed. This takes out the galena as pun* 
product in the jig tank below. The jig yields besides tliis, top skimmings sent 
to the platform to be recleaned for blende; a lead middling product returned to 
the next charge; and lead bottom skimmings sent to the lead bin. After th(‘ 
lead has all been taken out the jig screen is charged with a blende bottom bed 
deeper, finer and closer than that of the roughing jig, and the lt‘ad-free zinc- 
charged skimmings are cleaned upon it. This operation yields top skimmings to 
waste, middle skimmings returned with next charge, bottom skimmings and 
clean blende siftings in the tank which go to the sludge mill. 
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Two roughing jigs keep one cleaning jig busy. A three-jig plant in six 
9-hour days can concentrate 100 tons of mine ore (rough dirt) carrying 6 to 7% 
zinc, and requires three men on the jigs and one on the picking of the oversize 
of the 1-inch gravel screen. From 100 tons of ore they get 25 tons of ^^first 
smittem/^ or 8 tons of ^^second smittem," or 7 tons of zinc and lead concen- 
trates. 

The rough stuff and ^^chats” go to the custom crusher together where they are 
crushed to pass through a screen with -J-inch holes, and are then returned and 
treated on the roughing jig. The work of the hand jigging mills is generally 
considered to be about 80% as efficient as that of the power jigging mills given 
in § 662 and § 663. 

(6) PLANTS USING LOG WASHERS OR OTHER SIMILAR WASHING DEVICES WITH OR 

WITHOUT JIGS. 

§ 653. This group includes Mills 4, 5, and the Iron Mountain mill on iron ore, 
and Mills 6, 7, 8, and the Mons plant on phosphate. Where large quantities of 
worthless clays are mixed with lumps and sands containing valuable minerals, 
the log washer has proved superior to all other devices for separating the former 
from the latter preparatory to the final separation by hand picking, jigging, etc. 
It yields the lumps and sands at the upper end, and the fine waste material at the 
lower end. The size limit can be regulated by the slope of the trough, the quantity 
of water, and the height of the dam at the lower end. In Mill 4 the log prepares 
for screens, hand picking and jigs: in IMill 5 for screens; the Iron Mountain mill 
used hydraulic giants instead of log washer, and it finished the treatment by 
jigs; Mill 6 has only pump and screen without the log; in Mill 7 a hydraulic 
giant helps the disintegration of the phosphate before the log washer, while 
screens and further washing with a jet come later; Mill 8 has rolls before the log 
washer and screens after it. Mill 93 also belongs partly in this class, but as it 
has magnetic treatment it is put elsewhere. 

In phosphate dressing in Florida, which is one of the largest centers of the 
industry, the deposits may be divided into four classes, as follows: (1) Hard 
rock depoails in which much of the phosphate is in large rich boulders which can 
be ground, and sent straight to market. Stuff that is finer and leaner has to be 
crushed, washed and sized as in Mill 8. (2) Soft rock deposits require no wash- 

ing of the ore, but it is simply dried and ground for the market. (3) Land 
pebble deposits are usually mined with a steam shovel or a clam-shell dipper 
wlum the matrix is clayey, while for a sandy matrix a hydraulic giant is used to 
disintegrate the material and a centrifugal pump to elevate it. The treatment 
consists of wasliing, screening and drying as in Mill 7. (4) River pebble de- 

posits are dredged by means of a centrifugal pump and suction pipe, or some- 
times other forms of dredging apparatu-i may be used. The method of treatment 

is illustrated in IVIill (5. . i i . tj. i 

'Th(‘ Mons plant represents a Fniropean method of washing phosphate. It does 
not properly lielong in this grou]), but is inserted for purpose of compari'^on. In 
comparing this plant with Mills 6, 7 and 8, the reader should notice the fine- 
n(‘ss of its cnisbiiig and the extent of its graded treatmimt.^ This seems necessary 
owing to tb(‘ fineness of the dis^miination, and the low specific gravity of the phos- 
])liate (average' 3), which is only a little above that of the gangue. Although the 
Mons plant probably makes a bi'tter saving than the Florida ])lants vet it would 
he too costly to erect and run for ores in this country, and would be unable to 
compete with the simple and chi'ap dressing in South Carolina and Florida. 

8 654. Mill ITo. A. N. Henntnger’s Ltmontte Washer, Tkexler Town, 
Pennsylvania.— This mill probably runs only during the day shift and not on 
Sunday, The ore is soft and consists of the economic mineral limonite, and 
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gangue. The problem is to save the coarse limonite free from gangue and from 
all fine stnfi. The ore is shoveled into tip carts and hauled and dumped to (1). 

1. Car holding 800 pounds, running on inclined hoist. To (2). 

2. Log washer. Heads to (3) ; tailings to waste (used for filling). 

3. Trommel. Sectional with ^ and 1-ineh holes. Over 1 inch to (4) ; 
through 1 on to (5) ; through | on to (6) ; through yV fo waste dump. ^ 

4. Picking table. Waste to dump; residue to blast furnace. 

5. From (3). No. 1 jig. A movable-sieve jig. Hutch to (7); tailings to 
waste dump. 

6. From (3). No. 2 jig. A movable-sieve jig. Hutch to (8) ; tailings to 
waste dump, 

7. From (5). Chute, widened to small picking table at end. Waste (small 
in amount) to dump ; residue to wheelbarrow for blast furnace. 

8. From (6). Chute, widened to small picking table at end. Products like 

{^)- 


§ 655. Mill No. 5. Limonite Washer, Longdale, Virginia. — (See Figs. 
191a and 1916.) — Capacity 333 tons in 10 hours (800 tons in 24 hours). The 
mill runs 10 hours per day, six days per week, except the classifier, which 
runs 24 hours per day. The ore consists of the economic mineral limonite, of 
concretionary structure, and a gangue of clay and shale with sandstone and 
pebbles. The problem is to save the limonite. The ore is hauled from the 
adit level of the mine in ears holding about 1 ton each, and dumped upon ( 1 ) . 

1. Flat grizzly with 2-inch spaces. Oversize is separated by spalling and 
hand picking on the grizzly into clean lumps thrown to (2), and residue broken 
to pass through; undersize to (3). 

2. Bin for clean lumps. By cars to blast furnace. 

^ 3. From (1). Bin, holding about 50 tons. By gate and chute to cars hold- 
ing 5| tons, hauled 3 to 5 miles. To (4). 

4. Bins. Two receiving bins holding about 95 tons. By chute to (5). 

^ 5. From (4) and (8). Four log washers, in two pairs. Heads to (6) ■ tail- 
ings to (8). ^ " 

6. No. 1 screens. Four trommels with ^-inch round holes, connected to log- 
washers. Oversize to blast furnace; undersize to (7). 

7. No. 2 screens. Four stationary inclined screens with 14-mesh square holes 
Oversize to blast furnace; undersize to (9). 

8. From (5) No. 3 screens. Two stationary inclined screens with A -inch 
round holes. Kun alternately. Oversize by shovel to (5) ; undersize to (9) 

9. From (7) and (8). A Johnson mechanical sand shoveler. Coatve sand 
to ears and thence by bin and feeder to (10) ; fine silt and water overflow to (12). 

10. JNo. 4 screen. A trommel with 4-mesh square holes. Oversize (sticks 
leaves, coarse lumps, etc., small in amount) to waste; undersize io (11) 

t I^’chards annular classifier. Spigot to blast furnace ; ove, flow to waste 

12. hrom (9).^ Settling ponds. Settlings and water are both waste, 
classifier required is 7 men, si.x around the log washers and one around the 

The power is furnished by a steam engine and amounts to 25 horse power for 
^nied inTo hou^^*" run showed 2,750 poumN of coal 

mill without pumping. The amount of water flowing 
sSt^149 shoveler is 700 gallons per minute and from the classifier 

^pigot 14.9 gallons and from the classifier overflow 80.1 gallons. This makes a 

“S' a Scr””*' 

One hundred tons of crude ore yield 75 tons of concentrates from the loy, 
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washers. In the classifier an average of several days showed 51.5 tons, contain- 
treated per 24 hours, which yielded 26.19 tons of concentrates 
with 45.56% iron, and 25.31 tons of tailings with 38.47% iron. 

§ 656. ^Mill of Iron Mountain Mining Company, Iron Mountain, Mis- 
souri. The ore consisted of the economic mineral hematite of the hard variety 
mixed with ccmsiderable clay and some quartz and small quantities of apatite 
and pyrite in fine grains. The problem was to save the hematite. The ore was 
removed from its banks and disintegrated by hydraulicking. After being carried 
some distance by the stream it was subjected to a second treatment by hydraulic 
giants which further disintegrated it and washed it into bins. The water over- 
flowed from these bins and carried away the fine clay to waste and also some fine 
hematite. ^ The residue was^ drawn off by chutes into dump carts and hauled to 
the mill bins, from which it was elevated to another set of bins delivering by 
chutes to combined wash and sizing trommels. The oversize was hand picked 
if necessary, while the undersize which was not over 1 inch in size, was sized bv 
four trommels (the first one had two sizes of holes) and a one-spigot classifier, 
into six sizes which were treated on Bradford eccentric movable-sieve power jigs. 
The overflow of the classifier was waste. The concentrates from all the jigs went 
to the blast furnace ; the tailings from the first four were recrushed by breaker 
and rolls and elevated back to the first trommel ; the tailings of the other two 
jigs were waste. The concentrates were reported as containing 68% iron. 

§ 657. Mill ISTo. 6. Peace Eiver Phosphate Company, Hull, Florida. — 
This is a River Pebble’’ deposit in the bed of the river. The ore consists of the 
economic mineral phosphate in nodular form loosely mixed with a gangue of 
sand. The nodules vary from 1-| inches down to a pin head in size; the finest 
is the richest. The problem is to save the phosphate above a certain grade of 
richness. 

A flat boat is provided with a boiler, engine and centrifugal pump, and a fixed 
inclined screen with slots yV X If inches in size. The centrifugal pump lifts the 
phosphate from the river bottom to the screen through a flexible suction pipe, 
about 10 inches in diameter, carried on a boom. The undersize of the screen 
is mostly sand, and is delivered by a pipe back over the stern of the boat into the 
river again; the oversize (mostly phosphate) is transferred to barges which carry 
it to the drying plant on shore. " 

In the drying plant the phosphate is put through a drying furnace, and thence 
goes to a trommel 4 feet in diameter, with 4 feet of ^-inch holes and 8 feet of 
1-inch holes. The undersize of -J-ineh goes to a second trommel 4 feet in diam- 
cJter, and W feet long, with 14-mesh holes. The oversize of 1 inch and the 
undersize of 14-m(‘sh are both below the standard, and are waste; the intermediate 
sizes an' shifiped to market. 

The product coniains from 58 to 63% calcium phosphate (Ca^P.OJ and 
2 io 3% iron oxide (Fc^O ) and alumina (Al.O.,). 

§ 658. Mif.l No. 7. Tirn Land Prbble Phosphate Company, Pebble, 
Florida. — 'T his runs 12 hours per day. The deposit is a “Land Pebble’' de- 
posit. 1’he economic mineral is phosphate in nodules ranging from H down to 
tV inch in siz(' and less, with a gangue of hard hlue clay. The problem is to 
sav(‘ th(' phosphab'. I^'lie deposit is 5 to 15 feet thick, overlaid by 3 to 12 feet 
of so-call(‘(l sand. Betwiu'n the sand and the phosphate, iron ore is sometimes 
found. Tfie phospliah' Ix'd becomes richer in phosphate nodules toward the 
botlom. The deposit is situated in a swamp 300 fe^et wide, more or le'=s, and of 
indefinih' length, the level of which is about that of the water. The land ri'=es 
slighily on (‘aeh side, and at the lower end a low dam or dyke is built to raise the 
level of ihe walcm. 

A lake was made 200 feet or more in diameter, and 20 feet deep by the dredg- 
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ing apparatus and method about to described. A flat boat is provided with 
dredging and washing apparatus as follows: two boilers, an engine, a Cameron 
steam pump, a centrifugal pump, screens and two log washers. This boat, which 
is 60 feet long, 25 feet wide and 5 or 6 feet deep, is floated to the advance side 
of the lake. A pit 100 feet in diameter (enlarged from a small hand pit 10 feet 
in diameter and 5 feet deep), leaving a narrow strip or dyke 10 feet wide to 
serve as a dam, has its surface sand removed by the Cameron steam pump con- 
nectea with a hydraulic giant having a 1-J-inch nozzle, and by the centrifugal 
pump, the sand being discharged at the rear side of the lake. When the top of 
the phosphate has been clean^ ofl, a sump, 3 feet in diameter, is excavated in 
the phosphate, the suction of the centrifugal pump is dropped into this pit, the 
hydraulic giant loosens up the phosphate, and the centrifugal pump lifts it to 
the boat. Extra water is furnished by a little surface ditch from the 200-foot 
lake to help wash the phosphate into the sump, and to supply the centrifugal 
pump. This ditch is constructed around to the further side of the 100-foot pit, 
and is moved forward as the work of excavation advances. When the whole 
100-foot pit has been excavated the water from the 200-foot lake is admitted by 
hydraulicking down the dam, and its debris is lifted by the centrifugal pump. 
Then another pit 100 feet in diameter is started, and the process repeated. The 
very first pit of all has to be made with the boilers, pumps, etc., mounted on 
land. 

During the whole period of excavating Ihe phosphate and of removing the dam, 
the washing process goes on as follows : The discharge of the centrifugal pump 
goes to (1). 

1. N'o. 1 screen. A fixed inclined screen, slightly concave in cross section, 5 
feet wide and 15 feet long, with slots X f inch. Oversize to (2) ; undersize, 
waste, to rear side of the 200-foot lake. 

2. A screen bottomed distributing chute with slots X | inch. Oversize to 
(3) ; undersize, waste, to lake. 

3. Two single log washers. Heads to (4) ; tailings, waste, to lake. 

4. Grizzly. Oversize (clay balls, sand, iron ore and sticks) to waste; under- 
size to (5). 

5. No. 2 screen. A fixed inclined screen allowing pebbles 1 inch and less 
in diameter to pass through. Oversize, waste, to lake; undersize to (6). 

6. Transporting barges decked over flush with the gunwale. A little waste 
rock is picked out by hand here. These are poled by hand across the lake to the 
land plant, and the phosphate is washed off by a hydraulic giant to (7). 

7. A sump in the bottom of the lake. The phosphate is lifted by a centrif- 
ugal pump to (8). 

8. A jet washer. To (9). 

^ 9. No. 3 screen. A fixed inclined unwatering screen with slots X | inch. A 
little waste is occasionally picked out here. Undersize, waste, to lake ; oversize 
elevated to storage bin, thence by chute to revolving drior*^, 4 feet in diameter and 
30 feet long, and thence by elevator to storage shipping bin. 

The most effective disintegration of the clay is done by the powerful jet which 
makes the first excavation. 

The men required are; 1 dredge-master, 1 fireman, 1 (‘xtra hand on the dredge, 

3 to 4 men in the 100-foot pit, 2 men on the* barges, Tlu' number of men on the 
land plant is not known by the author. 

Power is furnished on the dredge by two 66 X 18-ineh return tubular boilers 
and a 50-horse power engine. 

The amount of water running into the lake from external sources is 1,000 to 
1,500 gallons per minute. This is used over and over. 

The final product contains from 68 to 73% ealcium phosphate. The ship- 
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mcnts are 150 to 200 tons of clean, dry phosphate per day. The land plant 
can handle all the material from two dredges. 

§ 659. Mill No. 8. Dunnellon Phosphate Company, Dunnellon, 
Florida. — Capacity about 400 tons in 10 hours, depending upon the richness 
of the rock. The mill runs 10 hours per day. This is a “Hard Eock” derposit. 
The economic mineral is phosphate which is mined in open pits, and has much 
sand, clay, etc., mixed with it as gangue. The problem is to save the phosphate. 
The ore comes first to a grizzly (grating) ; the oversize is fed to toothed rolls, 
and then joins the undersize which goes to a double log washer and yields tailings 
(fine clay and sand) which are waste, and heads (coarse material). These latter 
are screened on a concentric trommel with ^-inch holes in the inner screen and 
-ji^inch holes in the outer screen. The oversize of -J inch is conveyed by an end- 
less chain pan conveyor to the dry kilns, and while on the way the lefuse is picked 
out; stuff through ^ inch on inch goes to the dry kiln; the undersize of 
inch is w^aste. The kilns or heaps are 35 X 100 feet, and have wood at the bottom 
2 feet thick, over which the phosphate is piled until it is 12 feet thick. It re- 
quires 25 to 30 cords of wood to dry 100 tons of phosphate. The ore as mined 
contains 15 to 40% commercial phosphate, that is, 100 tons of mine ore yield 
15 to 40 tons of dry phosphate, which will contain 75 to 80% calcium phosphate. 

§ 660. Phosphate Dressing Plant at St. Symphorien, Near Mons, Bel- 
gium. — Capacity 250 tons in 10 hours. The mill runs 10 hours per day. The 
ore consists of the economic mineral phosphate in a gangue of yellowish white 
friable stone, mostly limestone with some chert. The problem is to save the 
phosphate. The ore is brought by cars and dumped upon (1). 

1. An oscillating bar screen with 2f-inoh spaces. Water is sprayed over the 
ore. Oversize to (2) ; undersize to (4). 

2. Hand picking. Flint to waste; residue to (3). 

3. Blake breaker crushing to 2f inches. To (4). 

4. From (1) and (3). Three Bourdais disintegrators crushing to f inch and 
less. Product mixed with water goes by two raff wheels to (5). 

5. Two trommels with ^-inch holes. Oversize (mostly chert) to waste; 
undersize by two distributing launders with 10 spigots each, to (6). 

6. Twenty classifiers, with two pockets each. Spigots of 1st pocket to (7) ; 
ot 2d to (8) ; overflow to (16). 

7. Twenty iinwaterers. Spigots to (9) ; overflow to (16). 

8. From (6) and (14). Four spitzhasteii with 3 spigots each. 1st spigot to 
(10) ; 2d to (11) ; 3d to (12) ; overflow to (13). 

9. From (7). Twenty jigs. 3-sicve jigs. Heads (3 qualities) by 3 raff 
wlieelh io (1-1); tailings to (16). 

10. From (8). Four Linkenbach tables, 23 feet in diameter. Heads by 2 
rad' wlieols io (14) ; tailings to (16). 

11. From (8). Two Linkenbach tables, 26 feet 3 inches diameter. Heads by 
2 ra(T wlieels to (14) ; tailings to (16). 

12. From (8). Two Linkenbach tables, 26 feet 3 inches in diameter. Heads 
by 2 raff wheels to (14) ; tailings to (16). 

' 13. Fiom (8). Two Linkenbach tables, 26 feet 3 inches in diameter. Heads 
to (15) ; tailings to (16). 

14. From (9), (10), (11), (12). Eighteen settling tanks. Twelve receive 
connmlrates from jigs and six from tables. Settlings are dug out periodically, 
dru‘d and sent to market; overflow by centrifugal pump to (8). 

15. From (13). Eight settling tanks. Settlings to market; overflow to (16). 

16. From (6), (7),\9), (10), (11), (12), (13), (15). Centrifugal pumps. 
By launders to settling pits for waste. 
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Power is furnished by a 200-horse power engine. The power actually re- 
quired is 120 horse power. 

The ore contains 20 to 30% tribasic phosphate of lime (CagPaOg), and the 
concentrates contain 40 to 50%. 

Note that this mill in (4) and (5) makes use of the principle of disintegra- 
tion followed by screening to get rid of part of the waste. 

(c) SIMPLE JIGGING MILLS USING POWER JIGS. 

§ 661. This group includes Mills 9, 10, 11, and 12 on blende ores, and Mills 
13, 14, and the Sulphur Mines Company’s mill on pyrite ores. These have a few 
machines of large capacity, mostly jigs, which may or may not be preceded by 
breaker and rolls. In Mills 9 and 10 the blende is in very large crystals, making 
little included grains or slimes when coarsely crushed. The middlings are simply 
sent back into the system. In Mill 12 the blende is finer, and, therefore, makes 
more included grains than the others. In Mills 13, 14, and that of the Sulphur 
Mines Company the included grains are dumped with the tailings as having pros- 
pective but no present value. The finest slimes are not saved. Mills 9 and 10 
make a three mineral separation between galena, blende and gangue. Mill 11 is 
called a sludge mill, and cleans up the fine material from such mills as Nos. 2, 
3, 9 and 10. The simplicity of these mills seems to be due to the absence of 
the precious metals and the coarseness of the crystallization and it does not pay 
to clean the tailings as closely as with many othefr ores. 

Mills 9 and 10 represent the standard method of treating the zinc ores of 
Southwest Missouri. To a newcomer in the district the process seems crude» 
and is frequently condemned. It has been claimed by the inexperienced that 
there must be a large loss from the lack of graded crushing and sizing, and that 
one-third of the zinc, which might be partly saved by more systematic treatment, 
is thrown away. The fact remains, however, that other more elaborate mills, for 
example Mill 15, have been erected, but have not stood the test of competition 
with such Mills as 9 and 10. The cause of their failure lies in the local condi- 
tions. The mines are pockety and do not justify the building of an expensive 
mill, and the ore is in coarse crystallization, which makes the separation not very 
. difficult. 

The average ore of the district contains 2 or 3% lead and 3 to 10% zinc, 

mostly 5 or 6% zinc. It also contains more or less pyrite or marcasite. The 

galena concentrates have 76 to 83% lead, and rarely over 2% iron or zinc. Well 
cleaned blende concentrates will assay 62% zinc, not over 0.2% load, and 0.75% 
or more iron, according to the amount of pyrite in the ore. Calculating the 
zinc, lead and iron into sulphides will account for 96 or 98% of the zinc concen- 
trates, leaving only 2 to 4% of gangue. Sometimes the iron in the zinc con- 
centrates runs up to 10 or 15%, but whore it is more than 4% the value of the 

concentrate^ is decreased so that it has been found profitable to give them a 
roast and magnetic treatment, which makes clean blende, and roasted pyrite 
containing 15 to 25% zinc. In well run mills the tailings contain loss than 0.2% 
lead, and not more than 1 or 2% zinc. An examination of the tailings shows 
that they contain practically no free grains of valuable mineral, but tbey do 
have more or less '"chats” or included grains. This of course does not include 
the fine sludge. Some mills have free grains in their tailings due to poor run- 
ning or to overcrowding of the mill, hut under proper conditions the jigvS can 
save all the valuable material ranging from -J inch down to 40 mesh. 

The local terms used in the Southwest Missouri district arc: '"dirt,” which 
means mine ore; ^"mundic,” which means pyrite or marcasite; "jack’” which 
means blende or zinc concentrates; "chats,” which signifies included grains. 
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especially middlings from the jig discharges, in which the blende is attached to 
or included in grains of gangue; "smittem/^ which signifies the unfinished fine 
hutch product in which the gangue is simply mixed with the blende in loose 
individual grains ; ^^sludge/^ which signifies the fine slimes. 

Simple power jigging mills were formerly used upon magnetic ores. At 
Crown Point, New York®®, the ore was crushed to inch, and then sized by^^ 
inch screens, the two sizes being jigged separately on Wendt jigs. At Lyon 
Mountain, New York"^^ the ore was crushed to ^ inch, and was then jigged^ 
without sizing, by Conkling jigs. 

§ 662. Mill No. 9. Henry Faust, Galena, Kansas. — Capacity 60 to 100 
tons in 10 hours on ore containing 25% blende and crushed through inch 
(see Table 296). The mill runs 10 hours per day, six days per week. The ore 
is similar to that in Mill 10, except that it is richer, but the machinery and 
the process are much the same. The plant consists of a Blake breaker, two pairs 



of rolls, elevators, trommel, a 5-sieve roughing jig and a finishing jig, both of the 
Harz type, Faust pattern. 

Mill No. 10. T Know Munino Company, Joplin, Missouri.— (See 
Fig. 51 1.) — (''apaeity 100 to 120 tons in 10 liours. The null runs 10 hours per 
day, 6 <lays pen* week. The ore consi'^ts of the economic minerals blende and 
gal(‘na, almost alwa\s in ('Oarse crysiallization, and a gangue chiefly of flint and 
limeslone. prob](un is to sav(‘ the zinc and load. The ore is hoisted in a 

])uck<'i wilh a ('apacity of 1,100 pounds, to (1). 

1. l\(‘C(‘ivmg floor. By shovel to (2). 

2. No. 1 Ifiak(‘ break(‘r, 10 X i;l inches, crushing to f inch. To (5). 

:i. From (2) and (5). One No. 1 trommel with -J-inch round holes. Over- 
size to (f) : undersize to (6). 

4. One j)air of No. 1 or roughing rolls, 22 X 14 inches, set close together. 
To ’(5). 

5. Ih'om (4) and (8). No. 1 bucket eleyator ("^ore elevator”). To (3). 
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6. From (3). No. 1 or roughing jig. A 5-sieve Harz jig. 1st discharge 
wheeled to (14) ; 2d wheeled to (12) ; 3d wheeled to (12) or to (7) ; 4th and 
5th to (7) ; all five hutches to (9) ; tailings to (11). 

7. From (6) and (10). No. 2 bucket elevator ('‘'chats elevator”). To (8). 

8. One pair of No. 2 rolls ("chats rolls”), 15 X 14 inches, set close together. 
To (5). 

9. From (6). No. 3 bucket elevator ("smittem elevator^^). To (10). 

10. No. 2 or cleaning jig. A 6-sieve Harz jig. 1st discharge wheeled to (14) ; 
2d, 3d and 4th, wheeled to (12) ; 5th and 6th to (7) ; 1st hutch wheeled to 
(14) ; 2d, 3d, 4th, 5th and 6th hutches wheeled to (12) ; tailings to (11). 

11. From (6) and (10). No. 4 bucket elevator ("tailings elevator’’). To 
dump. 

12. From (6) and (10). No. 5 bucket elevator ("jack elevator”). To (13). 

13. Bin for zinc concentrates, holding 100 tons. To market. 

14. From (6) and (10). Bin for lead concentrates. To market. 

The labor required is: 1 foreman, 2 breaker men, 2 jig men and 1 engineer. 
Wages range from $1.50 for laborers to $2.50 for foreman. 

The power is furnished by an 85-horse power boiler run at 80 pounds pres- 
sure per square inch and a 50-horse power Atlas engine. Three tons of coal cost- 
ing $2 per ton are burned per day. Power is distributed as follows : mine hoist, 
20 horse power; mine pump, 10; mill pump, 10; breaker, 15; trommel, 1; 5 ele- 
vators, 15 ; 2 pairs of rolls, 10 ; 2 jigs, 10. 

The water is pumped from a* nearby pond up 25 feet to a tank at the top of 
the mill, 4 feet above the receiving floor, by a centrifugal pump running at 825 
revolutions per minute, and discharging through a 3-inch pipe. 

The ore contains lead and 9J% zinc; the lerad concentrates contain 80% 
lead and a trace of zinc; the zinc concentrates contain 63% zinc and a trace of 
lead; the tailings contain from a trace up to 1% zinc and a trace of lead. One 
hundred tons of ore yield 8^ to 10 tons of zinc concentrates and 400 to 500 
pounds of lead concentrates. 

§ 664. Mill No. 11. Alma Emmons Sludge Mill, Galena, Kansas. — 
Capacity 60 tons in 10 hours. The mill runs 10 hours per day, 6 days per week 
The ore is the fine unfinished blende ore mainly from the hand jigging mills like 
Mill 3, but sometimes from those like Mills 9 and 10. The problem is to save 
the zinc and lead. The ore is hauled by wagon to (1). 

1. Beceiving floor. Shoveled to (2). 

2. One No. 1 concentric trommel, with inner screen of 1-inch square holes 
and outer of 1-mm. round holes. Over 1 inch, to waste; through 1 inch on 
1 mm., to (3) ; through 1 mm. to (5). 

3. Hand jigs. 1st or top skimmings to waste; 2d or middle shimmings re- 
turned to jig; 3d skimmings (blonde) to market; 4th or bottom skimmings 
(galena) to market; hutch to (4). 

4. Same jig on fine stuff with a finer screen. Top skimmings to waste; bot- 
tom skimmings and hutch (blende) to market. 

5. From (2). One No. 1 buddle. A convex circular huddle. Inner ring 
(galena and blende) to (6) ; second ring (blende and galena) to (7) ; third 
ring (blende and gangue) to (8) ; outer ring to waste. 

6. From (5) and (7). One No. 2 buddle treating galena stuff, run about 
every six months. A convex circular buddle. Inner ring (galena) to market ; 
second ring (galena and blende) returned to buddle; third ring (blende) to 
market; outer ring (blende and gangue) to (7). 

7- From (5), (6) and (8). No. 2 buddle, treating blende «tuff. Inner rin^r 
(galena and blende) to (6) ; second ring (blende) to market; third ring (blende* 
and gangue) returned to buddle; outer ring to waste. 
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8. From (5). One No. 3 buddle. A rectangular buddle. Upper portion 
(blende and gangue) to (7) ; middle portion (gangue and blende) returned to 
buddle ; lower portion to waste. 

The ore or sludge contains 8 to 15% blende; the jig concentrates contain 95% 
blende, and the buddle concentrates, 90%. One hundred tons of sludge yield 
8 to 17 tons of zinc concentrates, and a small amount of lead concentrates. 
The mill saves about 90% of the zinc. 

§ 665. Mill ISTo. 12. Priedensville Zinc Company, Peiedensville. Penn- 
sylvania. — Capacity 120 to 135 tons in 10 hours. The mill runs 10 hours 
per day, 6 days per week. The ore consists of the economic mineral blende, 
mostly in coarse crystallization, and a gangue of limestone with a little quartz. 
The ore is hand picked in the mine. Lumps larger than 6 inches are hoisted in 
bucket to (1) ; stuff smaller than 6 inches is hoisted separately in bucket to (7). 

1. Picking floor. Waste to dump; residue to (2). 

2. From (1), (9) and (11). One No. 1 Blake breaker, 6X8 inches, crushing 
to 1 inch. To (3). 

3. From (2) and (4). One pair of No. 1 rolls, 26X12 inches, set close 
together. To (4). 

4. No. 1 screen. A trommel with 2-mesh square holes. Oversize by sand 
wheel elevator to (3) ; undersize to (5). 

5. From (4), (14) and (15). Four No. 1 jigs. Movable sieve power jigs. 
Top skimmings to waste; middle skimmings returned to jig; bottom skimmings 
to spelter furnace; hutch shoveled to (6). 

6. Prom (5), (12) and (15). Two No. 2 jigs. Movable sieve power jigs. 
Top skimmings to waste; middle skimmings returned to jig; bottom skimmings 
to spelter furnace; hutch to (13). 

7. From mine bucket. No. 2 screen. An inclined gravel screen with l-J- 
ineh square holes. Oversize to (8) ; undersize to roaster for oxide or to (10). 

8. No. 1 rinsing table perforated with f-inch round holes. Oversize shoveled 
to (9) ; undersize to (12). 

9. No. 1 picking table. Stationary rectangular table covered with old trom- 
mel screens. 1st grade ore to spelter furnace; 2d to (2); 3d to roaster for 
oxide; waste to dump. 

10. From (7). No. 2 rinsing table perforated with §-inch round holes. Over- 
size to (11) ; undersize to (13) or, if very muddy, to (14) or (15). 

11. No. 2 picking table. Like No. 1 picking table. Products like (9). 

12. From (8). Four No. 3 jigs. Movable sicnx power jigs. Products like 
(5). 

13. From (6) and (10). One No. 4 jig. A 4-sieve Harz jig. Top skim- 
mings returned to jig; bottom skimmings and hutch to spelter furnace; tail- 
ings to waste. 

14. From (10). A trough washer. Heads (gravel and sand) to (5); tail- 
ings (fln(‘ (day) to Avastc. 

If). From (10). No. 3 screen. A trommel with -J-inch round holes. Over- 
size to (5) ; undersize to (6). 

33ie labor nxpiired is 1 foreman, 1 engineer, 1 fireman, 1 coal wheeler^ 1 
screen man, 18 ])oys and men in picking department, 7 men and 6 boys in jig- 
ging departirieni, 1 iroiigli washer man and 1 lielper. Wages range from $0.25 
{)(*r (lav for small boys to $1.25 for men laborers and to $2 for the foreman. 
Hoard c'osis $15 per month ; coal, $2 per ton ; wood, $2.60 per cord. 

Pow(*r is furnislu'd ])y a 15-horse power engine. The water required is 
62,000 gallons per 10 hours. 

The ore contains 16 to 20% zinc; the concentrates, 46 to 48% zinc; the tail- 
ings, 10 to 15% zinc. One hundred tons of ore yield about 33 tons of con- 
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centra tes. There are also about 35 tons of ore picked out yearly in the mine 
which does not need any concentration. It will be noted that there are two 
grades of concentrates : the first grade which goes to the spelter furnace, for mak- 
ing metallic zinc^ and the second grade which goes to the roaster for making zinc 
oxide. 

§ 666. Mill No. 13. Eustis Mining Company, Eustis, Province of 
Quebec, Canada. — Capacity of the rock house 60 tons in 10 hours ; of the mill ^ 
50 tons in 10 hours. Both'^run 10 hours per day, 6 days per week, but the mill 
is run only every other summer. The ore consists of the economic minerals 
pyrite, chalcopyrite, arsenopyrite, enargite and a gangue of quartz and mica 
schist. The problem is to save the sulphur, copper, silver and arsenic. The 
market has called for varying schemes of dressing at different times. The 
most complete scheme produced the following classes : (a) pyrite, low in copper, 
for sulphuric acid works; (6) pyrite, high in copper and low in silver, for copper 
furnace; (o) pyrite, high in copper and high in silver, to silver-copper furnace; 
{d) pure quartz and chalcopyrite (flux ore) to copper refining furnace; (e) 
arsenopyrite stored for a possible value later; (/) mica schist to waste. The 
scheme used at present is as follows : The ore is hoisted in cars, wheeled to the 
rock house and dumped upon (1). 

Rock House, 

1. No. 1 grizzly with 2-inch spaces. Oversize to (2) ; undersize to (4). 

2. Spalling floor. The ore is broken with sledges and hand picked. Arseni- 
cal ore to its heap; flux ore to its heap; waste to dump; residue to (3). 

3. One No. 1 Blake breaker, 10 X 16 inches, crushing to 2 inches. To (5). 

4. From (1). One No. 2>a and one No. 26 grizzly. Fixed inclined screens 
with 3-inch square holes. The second screen is put in below and treats the 
oversize of the first to complete the work. Oversize of No. 26 to (7) ; undersize 
of both by ear 3 mile to (8). 

5. From (3). One No. 3 grizzly. A fixed inclined screen with f-inch square 
holes. Oversize to (13); undersize to (6). 

6. One No. 4 grizzly. A fixed inclined screen with -J-inoh square holes. Over- 
size to (13) ; undersize by car f mile to (8). 

7. From (4). Washing box and stationary picking table. Ore is rinsed on 
a plate with -}-inch round holes. Oversize shoveled to picking table which yields 
waste by barrows to dump and good ore to (13) ; undersize by cars J mile to (8). 

Mill, 

8. From (4), (6) and (7). Receiving floor. Shoveled to (9). 

9. One No. 1 concentric trommel with inner screen of ^-ineh square holes 
and outer of 3-ineh square holes. Over ^-inch to (10) ; through \ on j-inch to 
(11) ; through i-mch to (12). 

10. Four No. 1 jigs. 1-sieve Collom jigs. TTutch to (13) ; tailings to (14). 

11. From (9). Two No. 2 jigs. 1-sieve Collom jigs. Hutch to (13) ; tail- 
ings to (11). 

12. From (9). Two No. 3 jigs. 1-sieve Collom jigs. Hutch to (13) ; tail- 
ings to (14). 

13. From (5), (6), (7), (10), (11), (12). Concentrates piles. These are 
shipped to sulphuric acid works, and after the removal of the sulphur, the resi- 
due is turned over to copper works to save the copper and silver. 

14. From (10). (11), (12). Tailings launder to dump 150 feet distant. 

The labor required is 21 men. The rock house employs 1 foreman, 1 engineer 
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and fireman, 3 men spalling, 2 men at barrows, 4 boys picking, 1 man in washing 
box, 2 boys at breaker. The mill employs 1 foreman, 1 engineer and fireman 
2 shovelers, 3 boys. Wages range from $0.40 or $0.50 per day for boys up t» 
$1.20 for men laborers and to $2 for foremen. Board costs $13 per month 
wood, $2.40 per cord; coal would cost $4.30 per ton, if used. 

The power at the rock house is from a boiler 10 feet long, 44 inches diameter 
with 38 tubes 3 inches in diameter, run at 75 pounds pressure per square inch 
and burning J cord of wood per 10 hours; and an engine with cylinder 8 X IS 
inches, making 150 revolutions per minute, cutting off at J stroke, and de 
veloping about 20 horse power. The power at the mill is from a boiler 16 fee 
long, 5 feet diameter, with 65 tubes inches diameter, run at 60 pounds pres 
sure per square inch, and burning 1^ cords of wood in 10 hours; and an engin< 
with cylinder 10 X 14 inches, making 90 revolutions per minute and cutting of 
at I stroke. 

Water is pumped from the river a distance of 910 feet by a Worthington duple: 
pump, steam cylinders 7-| X 10 inches, water cylinders 6 X 10 inches, makin| 
60 strokes per minute, and running under a steam pressure of 55 pounds pei 
square inch. The suction pipe is 550 feet long, and the pump is 20 feet above 
the river at low water; the discharge pipe is 360 feet long, and the tank is 7( 
feet above the pump. 

One hundred tons of ore hoisted yield in the rock house 20 tons of waste 
57 tons of shipping ore containing about 42% sulphur, 21 tons of milKng ore 
containing about 36% sulphur, 2 tons of flux ore containing about 35% sulphur 
The 21 tons of milling ore yield in the mill 4 tons of coarse concentrates contain- 
ing about 40% sulphur, 5 tons of medium concentrates containing about 40% 
sulphur, 9 tons of fine concentrates containing about 42.5% sulphur and 3 ton« 
of tailings. 

§ 667. M'Ill No. 14. The Nichols Chemical Company, Capelton, Prov- 
ince OF Quebec, Canada. — Capacity very variable depending upon the needs oj 
the market. The ore consists of the economic minerals pvrite, chalcopyrite and 
arsenopyrite, and a gangue of quartz and mica schist. The problem is to save 
the sulphur in as coarse condition as possible. There are two plants, one at the 
large mine and one at the Capel mine, which is smaller. At the latter the ore 
is dumped upon (1). 

1. No. 1 grizzly with 2^-inch spaces. Oversize to (5); undersize to (2). 

2. No. 2 grizzly with J-inch spaces. Oversize to (6) ; undersize to (3). 

3. From (2) and (5). No. 3 grizzly with f-inch spaces. Oversize to (6) ; 
undersize to (4). 

4. No. 4 grizzly. A gravel screen with f-inch square holes. Oversize to (6) ; 
undersize to (7). 

5. From (1). Spalling floor accompanied by hand picking. Good lump 
pyrite, broken to 2 or 2J inches, to market; waste wheeled to dump; small 
material shoveled to (3). 

6. From (2), (3) and (4). Washing tank and stationary picking table. 
Lump pyrite to market; waste to dump; tank settlings to (7). 

7. From (4) and (6). Jigs. 2-sieve accelerated jigs. Hutches to market; 
tailings to waste. 

At the large mine the scheme is practically the same. 

One hundred tons of ore yield 50 tons of concentrates. The coarse jig con- 
centrates contain 35% sulphur and upward; the fine jig, 36% and upward. 

§ 668. Sulphur Mines and Eailroad Company, Sulphur Mines, Virginia 
— Capacity 130 tons in 10 hours. The mill runs 10 hours per day. The or€ 
consists of the economic mineral pyrite, and a gangue of hornblendic schist 
The problem is to save the sulphur. 



906 


OBE DRESSING, 


§ 669 


1. The ore is hoisted from the mine to (2). 

2. A grizzly with 2i-ineh spaces. Oversize to (3) ; undersize to (4). 

3. Picking floor. S“hipping ore to (17); residue by ear to (6). 

4. From (2). Shoveling floor. The ore is shoveled by a fork with li-inch 
spaces. Oversize to (5) ; undersize by ear to (6). 

5. Hand picking. Shipping ore (^^spall ore”) to (17) ; residue by car to (6). 

6. From (3), (4), (5). Two No. 1 Dodge breakers, 8 X 14 inches, crushing 
to i inch. To (7). 

7. One pair of No. 1 rolls, 36 X 14 inches, set f inch apart. To (8). 

8. From (7) and (9). No. 1 screen. A stationary screen,^ sloping 45®, 
30 inches wide and 120 inches long, with f X 1-inch slots. Oversize by elevator 
to (9) ; undersize to (10). 

9. One pair of No. 2 rolls. Like (7). By elevator to (8) 

10. From (8). No. 2 screen. Like (8), but slots are J X f inch. Oversize 
to (13) ; undersize to (11). 

11. No. 3 screen. Like (8), but slots are ^ X f inch. Oversize to (14) ; 
undersize to (12). 

12. Two No. 1 hydraulic classifiers with three conical pockets 28, 34 and 40 
inches in diameter respectively. Spigots to (15) ; overflow to (18). 

13. From (10). Four No. 1 jigs. One-sieve Harz jigs with sieve 15 X 30 
inches; tail board 4 inches high; 111 throws per minute of IJ inches each; 
bottom bed of one complete layer of iron shot 1 inch diameter covered by another 
complete layer of ^ inch diameter. Hutches to (15) ; tailings to (18). 

14. From (11). Six No. 2 jigs. Two-sieve Harz jigs, with sieves 15 X 28 
inches, and throw of f inch; otherwise like (13). Hutches to (15) ; tailings 
to (18). 

15. From (12), (13), (14). Settling tank for concentrates. Settlings by 
bucket elevator to (16) ; overflow to (18). 

16. A Bolthoff drier, 6 X 42 feet in size with cast iron plates traveling about 
2 feet per second. By Eobins belt convevor, moving 4 or 5 feet per second, 
to (17). 

17. From (3), (5), (16). Shipping car, to market. 

18. From (12), (13), (14), (15). Waste dump. 

Power is furnished by a 150-horse power Corliss engine. 

The mine ore runs 28 to 33% sulphur and 13% silica. The lump shipping 
ore runs 40% sulphur or more, and 5^ to d% silica. The fine concentrates run 
42% sulphur and 5^ to 6% silica. The tailings run 11% sulphur. 100 tons of 
mine ore yield about 44 tons of lump shipping ore, 44 tons of fine concentrates 
apd 12 tons of tailings. 

In this mill all the screens are run dry as they would be eaten out in 48 hours 
by the acid water if run wet. 

{d) COMPLEX JIGGING MILLS WITH BREAKERS. ROLLS, SCREENS, CLASSIFIERS, 
JIGS, AND TABLES OR VANNERS, DRESSING BLENDE OR PYRITE. 

§ 669. This group includes Mills 15 to 19, the Vieille Montague mill and 
Mills 19 to 21. Mills 16, 17, 18, 19, and the Vieille Montagne mill are making 
a three mineral separation between galena, blende and gangue. Mills 20 and 21 
have three minerals, yet do not make a three mineral separation. Mill 20 has 
auxiliary rolls and jigs for re-treating middlings ; Mill 21 has auxiliary Hunt- 
ington mill, classifier, jigs, and slime table for re-treating middlings; Mills 15, 
16 and 17 recrush middlings in auxiliary rolls and send the pulp back into 
the system. Mills 18 and 19 make no middlings. This is probably because the 
blende tailings are stacked up for their prospective value. The Vieille Mon- 
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tagne mill is put into this group to indicate one way that the question of thre€ 
mineral separation has been solved in Europe. In it the middlings are re- 
erushed by auxiliary rolls and re-treated by jigs which in turn make middlings tc 
be again recrushed and rejigged. Such an elaborate mill appears not to be suited 
to the conditions in this country. 

§ 670. Mill ISTo, 15. Kohiis^ooe D^Iill, EiiPiRE Zinc Company, Joplin. 
Missouni. — Capacity 34 tons in 10 hours. The mill runs 10 hours per day^ 
6 days per week. The ore consists of the economic mineral blende, almost always 
in coarse crystallization, and a gangue of flint. The problem is to save the zinc. 
The ore is hoisted and brought 200 feet in ears to (1). 

1. Eeeeiving floor. By shovel to (2). 

2. No. 1 Blake breaker, 6 X 10 inches, crushing to 1 inch. To (3). 

3. One pair of No. 1 rolls, 22 X 14 inches, set | inch apart. To (4). 

■4. From (3) and (17). No. 1 bucket elevator- To (5). 

5. One No. 1 trommel with 12.3-mm. round holes. Oversize to (11) or (17) ; 
undersize to (6). 

6. One No. 2 trommel with 4.7-mm. round holes. Oversize to (12) ; under- 
size to (7). 

7. One No. 3 trommel with 2.3-mm. round holes. Oversize to (13) ; undersize 
to (8). 

8. One No. 1 hydraulic classifier with two spigots. 1st spigot to (14) ; 2d 
to (15) ; overfiow to (9). 

9. One No. 1 surface current box classifier with two spigots. 1st spigot to 
(18) ; 2d to (19) ; overflow to (10). 

10. One No. 1 whole current box classifier with one spigot. Spigot to (20) ; 
overflow to (22). 

11. From (5). One No. 1 jig. A 4-sieve Harz jig. 1st, 2d and 3d dis- 
charges to (21) ; 4th to (16) ; 1st, 2d and 3d hutches to (21) ; 4th to (16) ; 
tailings to (22). 

r 12. From (6). One No. 2 jig. A 4-sieve Harz jig. Products like (11). 

13. From (7). One No. 3 jig. A 4-sieve Harz jig. Products like (11). 

14. From (8). One No. 4 jig. A 4-sieve Harz jig. 1st discharge to (21) ; 

1st, 2d and 3d hutches to (21) ; 4th to (16) ; tailings to (22). 

15. Pi’om (8). One No. 5 jig. A 4-sieve Harz jig. Hutches to (21) ; tail- 

ings to (22). 

16. From (11), (12), (13), (14). No. 2 bucket elevator (^^chats elevator^^). 
To (17). 

17. From (5) and (16). One pair of No. 2 rolls, 22 X 14 inches, set close 
together. To (4). 

18. From (9). One No. 1 convex revolving slime table. Heads to (21) : 
middlings to (20) ; tailings to (22). 

19. From (9). One No. 2 convex revolving slime table. Products like (18). 

20. From (10), (18), (19). One No, 3 convex revolving slime table. Prod- 
ucts like (18), the middlings being returned to the table. 

21. From (11), (12), (13), (14), (15), (18), (19), (20). Bins for con- 
centrates. The jig concentrates are collected in boxes below the jigs, shoveled 
to barrows and wheeled to the concentrates bins in the yard. The concen- 
trates from the tables are collected in settling tanks, shoveled to barrows and 
wheeled to the concentrates bins. 

22. From (10), (11), (12), (13), (14), (15), (18), (19), (20). Tailings 
launder to waste. 

The labor required is 1 foreman, 1 breaker man, 1 table man and 1 engineer. 
Wages range from $1.75 per dav for laborers to $2.50 for foreman. Board costs 
$16 per month; coal, $2.50 per ton; wood, $3 per cord. 
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The power is furnished by a steam boiler 18 feet long, 60 inches diameter, 
with 54 tubes 4 inches diameter, running under a pressure of 80 pounds per 
square inch ; and an engine with cylinder 12 X 16 inches, making 178 strokes 
per minute, and cutting off at f stroke. 

This mill was constructed to do the same type of work as Mill 10, but the 
latter is the type still preferred. The mining and milling work in the Joplin 
district is more or less transient, and the simpler the mill the better it suits the 
conditions. 

This mill saves about 85% of the zinc. In § 897 are given some results of the 
work in this mill. 

§ 671. Mills ifo. 16 and ISTo. 17. Granby Mining and Smelting Com- 
pany, Granby, Missouri. — Capacity 60 tons in 10 hours. The mill runs 10 
hours per day, six days per week. The ore consists of the economic minerals 
blende, calamine, smithsonite, galena, cerrusite, pyromorphite, and other oxida- 
tion products, and a gangue of flint and quartz with some dolomite and calcite. 
The galena and blende are in coarse crystallization. The problem is to save 
the lead and zinc. The ore is of two classes: {a) in which lead predominates, 
and which contains 75 to 95% galena; (6) in which zinc predominates, and 
which contains 15 to 95% blende. The ore has already been partially concen- 
trated by the process described under Mill 2. The ore is brought from the mines 
in carts of 4,000 pounds capacity to a receiving yard, where it is inspected, and 
the lead ore goes to (1) while the zinc ore is dumped into piles graded according 
to kind. When any grade has accumulated suflSciently for a run it is wheeled 
to (9). 


Mill 16. The Lead Concentrating Mill. 

Capacity 30 tons in 10 hours. 

1. Twelve receiving bins. By shovel or barrow to (2). 

2. From (1), (4), (10), (19), (20), (21), (22), (23), (24), (25). One 
No. 1 Blake breaker, 6X9 inches, crushing to 20 mm. To (3). 

3. From (2) and (8). No. 1 bucket elevator. To (4). 

4. One No. 1 trommel. Sectional with 2, 5, 10 and 20-mm. holes. Over 
20 mm. to (2) ; through 20 on 10 to (5) ; through 10 on 5 to (6a) ; through 
5 on 2 to (66) ; through 2 to (7). 

5. One No. 1 jig. A 1-sieve accelerated jig. Discharge and hutch to lead 
smelter; tailings to (8). 

6a and 66. From (4). One No. 2a jig and one No. 26 jig. A 4-sieve accel- 
erated jig divided so as to make two 2-sieve jigs. In jig 2a, 1st discharge to 
lead smelter; 2d to (8) ; hutches to lead smelter; tailings to waste. In jig 26, 
discharges and hutches to lead smelter; tailings to waste. Here as also in the 
next jig, the concentrates from the 1st sieves are galena, and those from the 
2d sieves are galena and cerrusite. 

7. From (4). One No. 3 jig. A 3-sieve Harz jig. 1st discharge and 1st, 
2d and 3d hutches to lead smelter; tailings to waste. 

8. From (5) and (6a), One pair of No. 1 rolls, 18 X 16 inches, set close to- 
gether. To (3). 


Mill 17. The Zinc Concentrating Mill. 

Capacity 30 tons in 10 hours. 

9. From the yard. Eeceiving bin. By shovel to (10). 

10, Spalling floor, accompanied by hand picking. Clean lead ore to lead 
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smelter; milling lead ore to (2) ; clean zinc ore to spelter furnace; milling zinc 
ore to (11). 

11. From (10) and (13). One No. 1 Blake breaker, 6X9 inches, crnshing 
to 15 mm. To (12). 

12. From (11) and (26). One No. 1 bucket elevator. To (13). 

13. One No. 1 trommel with 15-nim. round holes. Oversize to (11) ; under- 
size to (14). 

14. One No. 2 trommel with lO-mm. round holes. Oversize to (26) ; under- 
size to (15). 

15. One No. 3 tro mm el. Sectional with 5 and 7-mm. round holes. Over 
7-mm. to (19) ; through 7 on 5 to (20) ; through 5 to (16). 

16. One No. 4 trommel. Sectional with 2 and 3J-mm. round holes. Over 
3^-mm. to (21) ; through 3^ on 2 to (21) ; through 2 to (17). 

17. One No. 1 hydraulic classifier. Spigot to (22) ; overflow to (18). 

18. One No. 2 hydraulic classifier with 2 spigots. 1st spigot to (23) ; 2d to 
(24) ; overflow to (25). 

19. From (15). Two No. 1 jigs. 2-sieve accelerated jigs with two discharges 
on the 2d sieve. 1st discharge to (2) ; 2d (upper) to spelter furnace; 2d 
(lower) to (26) ; 1st hutch to lead smelter; 2d to spelter furnace; tailings to 
waste. This and the following jigs yield mixed galena and blende from the first 
sieves and blende from the later sieves. 

20. From (15). One No. 2 jig. A 4-sieve accelerated jig. 1st discharge 
to (2) ; 2d and 3d to spelter furnace; 4th to (26) ; 1st hutch to (2) ; 2d, 3d 
and 4th to spelter furnace; tailings to waste. 

21. From (16). One No. 3 jig. A 4-sieve accelerated jig. Part of the 
time it treats stuff through 5 on mm. and part of the time stuff throi^h 
34 on 2 mm. ; a little catch bin holds the stuff that is waiting. Products like 
( 20 ). 

22. From (17). One No. 4 jig. A 4-sieve Harz jig. Products like (20). 

23. From (18). One No. 5 jig. A 4-sieve Harz jig. Products like (20). 

24. From (18). One No. 6 jig. A 4-sieve Harz jig. 1st hutch to (2); 
2d, 3d and 4th hutches to spelter furnace ; tailings to waste. 

25. From (18). One No. 7 jig. A 3-sieve Harz jig. 1st hutch to (2): 
2d and 3d hutches to spelter furnace; tailings to waste. 

26. From (14), (19), (20), (21), (22), (23). One pair of No. 2 rolls. 
20 X 14 inches, set close together. To (12). 

The power for both mills is furnished by a boiler 20 feet long, 70 inches in 
diameter, with 71 tubes 4 inches in diameter, running under a pressure of 8C 
pounds per square inch and burning 3 tons of coal per 10 hours; and an engine 
with cylinder 12 X 24 inches, making 80 revolutions per minute, cutting ofi 
at i stroke and indicating 45 horse power. 

The water is ^derived from an artesian well 876 feet deep and is lifted by a 
lift pump with steam cylinder 12 inches in diameter, bucket 10 inches in diame- 
ter and a stroke of 4 feet, 15 to 20 strokes per minute. The capacity of this 
pump is 403,695 gallons in 10 hours. There is also a IJ-inch centrifugal pumj 
for repumping, with a capacity of 60,000 gallons in 10 hours. 

The ore coming to the mills contains 75 to 95% galena in the lead ore anc 
15 to 95% blende in the zinc ore. The concentrates of both mills contair 
from 90 to 100% of the metal bearing mineral. The tailings of Mill U 
contain 5% lead and those of Mill 17 contain 3% zinc. 

§ 672. Mill No. 18. Minnie and A. Y. Mill, Leadville, Colorado.-^ 
Capacity 95 tons per 24 hours. The mill runs 24 hours per day, seven day? 
per week. The ore consists of the economic minerals argentiferous galena 
pyrite and blende and a gangue of quartz. The blende is severed fairly wel 
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from the galena by crushing and the problem is to make: (1) a galena-pyrite 
product, rich in lead and silver and low in zinc, (2) a blende product, low in 
silver and (3) waste gangue. The ore is hoisted from the mine, wheeled in 
cars holding 2,000 pounds and dumped to (1). 

1. Receiving bin with hopper bottom, holding 75 tons. By gate and chute 
to (2). 

2. One N*o. 1 Blake breaker, 7 X 10 inches, crushing to l-J inches. To (3). 

3. From (2) and (5). JSTo. 1 bucket elevator. To (4). 

4. One JSTo. 1 trommel with 0.14-inch square holes. Oversize to (5) ; under- 
size to (6). 

5. One pair of No. 1 rolls, 36 X 14 inches, set i inch apart. To (3) . 

6. From (4). One No. 2 trommel with 6-mesh square holes. Oversize to 
(12) ; undersize to (7). 

7. One No. 3 trommel with 1.5-mm. square holes. Oversize to (13) ; under- 
size to (8). 

8. One No. 4 trommel with 1.27-mm. square holes. Oversize to (14) ; un- 
dersize to (9). 

9. One No. 1 hydraulic classifier with 2 pockets. 'Two spigots of 1st pocket 
to (15) ; spigot of 2d pocket to (16) ; overflow to (10). 

10. One No. 1 whole current box classifier. Spigot to (17) ; overflow to (11). 

11. One No. 1 settling tank, outside the building, run until nearly full of 
sediment and then cleaned out. Settlings to (18) ; overflow to (19). 

12. From (6). Two No. 1 jigs. 4-sieve Harz jigs. Hutches to (18) ; tail- 
ings to (19). 

13. From (7). Two No. 2 jigs. 4-sieve Harz jigs. Product like (12). 

14. From (8). Two No. 3 jigs. 4-sieve Harz jigs. Products like (12). 

15. Prom (9). Two No. 4 jigs. 4-sieve Harz jigs. Products like (12). 

16. Prom (9). One No. 5 jig. A 4-sieve Harz jig. Products like (12). 

17. From (10). Two 4-foot Pnie vanners. Heads to (18) ; tailings to (19). 

18. Prom (11), (12), (13), (14), (15), (16), (17). The concentrates 
are shoveled from the settling boxes beneath the machines and wheeled to the 
bins for concentrates to be shipped to the smelter. 

19. From (11), (12), (13), (14), (15), (16), (17). The tailings are 
carried away in the tailings launder to the dump where they are kept for their 
prospective value in lead, silver and zinc. 

The labor required is 10 men per 24 hours or 5 men per shift: 2 foremen, 
2 breakermen, 2 jig men, 2 vanner men and 2 engineers. Wages range from 
$3 per shift for laborers up to $4 and $5 for foremen. Board covsts $1 per day. 

Power is furnished by a 100-horse power Babcock and Wilcox boiler, running 
under a pressure of 90 pounds per square inch, and burning Ij tons of coal in 
24 hours; and a 60-horse power Buckeye engine. The mill n^quires 10 J horsi‘ 
power. 

The mine ore contains 10 to 15% lead and 18 to 28% zinc. One hundred torn 
of ore containing 10% lead and 22 to 28% zinc should yield either 33 tons of c'on- 
centrates containing 30% lead and 12% zinc, or 50 tons containing 20% lead 
and 15% zinc. One hundred tons of ore containing 15% h'ad and 18 to 
zinc yield 50 tons of concentrates containing 30% lead and 12% zinc. 

It will be noted that this mill as above described only ])artially solves the 
problem, making two products instead of three. Recently they have installed 
some Bartlett tables and they are said not only to do better work than the jig*^ 
but also to make the three clean products. 

§ 673. Mill No. 19. Moyer Mill, Leadville, Colorado.— Capacity 200 
tons in 24 hours. The mill runs 24 hours per day, seven days per wevk. The 
ore consists of the economic minerals argentiferous galena, pyrite, and blende 
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and a gangne of quartz. The problem is the same as in Mill 18. The ore 
hoisted in skips and dumped to (1). 

1. Eeceiving bin. By gate and chute to (2). 

2. A stationary picking table. Galena to lead smelter; blende stored f( 
future value; residue to (3). 

3. One "No. 1 Blake breaker, 9 X 11 inches, crushing to 1^ inches. To (4 

4. One pair of No. 1 rolls, 36 X 14 inches. By No. 1 bucket elevator to (5 

5. From (4) and (6). One No. 1 trommel with 3-mesh square hole 
Oversize to (6); undersize to (7). 

6. One pair of No. 2 rolls, 36 X 14 inches. By No. 2 bucket elevator to (5 

7. From (5). One No. 2 trommel with 5-mesh square holes. Oversize 1 
(13) ; undersize to (8). 

8. One No. 3 trommel with 8-mesh square holes. Oversize to (14) ; undersh 
to (9). 

9. One No. 4 trommel with 10-mesh square holes. Oversize to (15) ; imde 
size to (10). 

10. One No. 1 hydraulic classifier with 3 sets of spigots. 1st spigots i 
(16) ; 2d to (17) ; 3d to (18) ; overflow to (11). 

11. One No. 1 whole current box classifier. Spigots to (19) ; overflow to (12 

12. No. 1 settling tank, outside the building, run until nearly full of sed 
ment, and then cleaned out. Settlings to lead smelter; overflow to waste. 

13. From (7). Two No. 1 jigs. 3-sieve Harz jigs. Hutches to lead smelten 
tailings to waste dump. 

14. From (8). Two No. 2 jigs. 3-sieve Harz jigs. Products like (13). 

15. From (9). Two No. 3 jigs. 4-sieve Harz jigs. Products like (13). 

16. From (10). Two No. 4 jigs. One 4-sieve and one 3-sieve Harz ji| 
Products like (13). 

17. Prom (10). Two No. 5 jigs. 4-sieve Harz jigs. Products like (13). 

18. From (10). One No. 6 jig. A 3-sieve Harz jig. Products like (13 

19. From (11). Two 4-foot Frue vanners. Heads to lead smelter; tailing 

to waste dump. 

As in Mill 18, the tailings are all kept for their prospective value. 

§ 674. ViEiLLE Montagne Company, Ammeberg and Johannesbor 
Province of Nerike, Sweden.^®® — C apacity 165 tons in 16 hours. The mill 
run 16 hours per day. The ore consists of the economic minerals blende, pyri 
and galena in very fine crystallization and a gangue of fine grained gray gneis 
The problem is to save the galena and blende, and separate them from one anothe 
There are three mills : the rock house at the mine, the main mill at Ammeber 
8 miles distant by railroad, and the mill for rich galena ore at Johannesbor 
3 miles from Ammeberg. 


RoeJe House. 

The ore hoisted from the mine goes to (1). 

1. Bough hand picking. Barren rock to waste; residue to (2). 

2. Breakers. To (3). 

3. No. 1 trommels with 20-mm. holes. Oversize to (4) ; undersize to (8). 

4. No. 1 revolving picking tables. Blende (7,000 tons per year) to (7 
barren rock (over 7,000 tons per year) to waste; residue to (5). 

5. No. 2 revolving picking tables. Stuff with blende and consideral 
galena to (41) ; stuff with blende and little or no galena to (6). 

6. Calcining kilns. Ore is fed in alternate layers with coal. This makes t 
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gangne soft for crushing, and the pyrite porous and lighter for the separation^ 
To (20). 


Ammeherg Mill. 

7. From (4). Breaker and No. 1 rolls. To smelter. 

8. From (3). Hand feeding and hand picking. Chips, rags, etc., to waste; 
a little blende to smelter; a little barren rock to waste; residue to (9). 

9. No. 2 trommel having 2J and 5-mm. holes. Over 5 mm. to (10) ; through 
5 on 2J mm. to (16) ; through 2J mm. to (11). 

10. No. 3 trommel having 8, 13 and 20-mm. holes. Over 20 mm. to (12) ; 
through 20 on 13 to (13) ; through 13 on 8 to (14) ; through 8 to (15). 

11. From (9). No. 1 hydraulic classifier with 2 spigots. 1st spigot to (17) ; 
2d to (18) ; overflow to (34). 

12. From (10). Hand picking. Blende to smelter; barren rock to waste; 
residue to (20). 

13. From (10). No. 1 jigs. Intermittent 1-sieve Harz jigs. Top skimmings. 
to waste; 2d skimmings to (20) ; 3d or bottom skimmings (blende) to smelter; 
if galena is present a fourth sMmmings (blende and gdena) to (20). 

14. From (10). No. 2 jigs. Intermittent 1-sieve Harz jigs. Products like 
(13). 

15. From (10). No. 3 jig. A 3-sieve Harz jig. 1st sieve (blende) to smelter 
or, if galena present, to (20) ; 2d sieve (blende) to smelter; 3d sieve to (20) ; 
tailings to waste. 

16. From (9). No. 4 jig. A S-sieve Harz jig. Products like (15). 

17. From (11). No. 5 jig. A 3-sieve Harz jig. 1st sieve (galena and 
blende) to (19) ; 2d and 3d sieves (blende) to smelter; tailings to (30). 

18. From (11). No. 6 jig. A 3-sieve Harz jig. Products like (17). 

19. From (17) and (18). No. 7 jig. A 3-sieve Harz jig. 1st sieve (ga- 

lena) to smelter; 2d sieve (if blende) to smelter, or (if blende and a little 
galena) to (30), or (if blende with much galena) returned to same iig; 3d 
sieve (blende) to smelter. 

20. Prom (6), (12), (13), (14), (15), (16) and (21). No. 2 rolls, 51 
inenes in diameter. To (21). 

21. A combination sand wheel and trommel with 6-mm. holes. Oversize to 
(20) ; undersize by screw conveyor to (22). 

22. No. 4 trommel with 2'J-mm. holes. Oversize to (23) ; undersize to (27). 

23. No. 3 rolls, 51 inches in diameter, crushing to 2f mm. To (24). 

24. No. 2 hydraulic classifier. Spigot by elevator to (25) ; overflow to (34). 

25. Two No. 5 trommels having 1, 1.4, 2 and 2.5-mm. holes. To (26). 

No 8 to No. 12 jigs. 3-sieve Harz jigs treating the 5 products from 

(25). 1st sieve (galena and blende) to (30); 2d and 3d sieves (blende) to- 
smelter; tailings to (30). 

27. Prom (22). No. 3 hydraulic classifier. Spigot by convevor to (28)- 

overflow to (34). ■ ■ \ > 

28. No. 6 trommel having 1, IJ, 1| and 2-mm. holes. To (29). 

/oo\‘ No. 17 jigs. 4-sieve Harz jigs treating the 5 products from 

(28) 1st sieve (galena and blende) to (30); 2d and 3d sieves (blende) to 
smelter; 4th sieve to (30) ; tailings to waste or sometimes, if rich to t301 

’ 3 , 

31. No. 4 hydraulic classifier. Spigot to (32) ; overflow to (34) 

32. No. 7 trommel having 1, 1.2, 1.4 and 2-mm. holes. To (33). 
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33. No. 18 to No. 22 jigs. Har 2 jigs treating the products from (32). 
Products like (26) and (29). 

34. From (11)^ (24), (27), and (31). No. 1 pointed boxes. Spigots to 
(37) ; overflow to (35). 

35. From (34) and (39). SpitzluUen, Spigots to (38); overflow to (36), 

36. No. 2 pointed boxes. Spigots to (39) ; overflow to waste. 

37. From (34). No. 23 jigs. Exact disposition of products unknown, but 
they probably yield galena to smelter, blende to smelter, middlings to (30) and 
tailings to waste. 

38. From (35) and (39). 21 double Rittinger tables. Exact disposition of 
products unknown, but they probably yield galena to smelter, blende to smelter^ 
middlings re-treated on similar tables and tailings to waste. 

39. From (36). 2-deek revolving slime tables. The upper deck is convex, 
4.5 m. in diameter; the lower deck is concave, 4 m. in diameter. All stuff 
is fed to lower deck which yields 1st heads (galena and blende) to (38) ; 2d 
heads (blende) to smelter; middlings to (35); tailings to upper deck. The 
upper deck yields heads (blende) to smelter, or if fine to (40) ; middlings re- 
turned to same table; tailings to waste. 

40. Bumping tables. Heads (blende) to smelter; tailings probably sent 
back to some earlier machine. 

The labor required is over 70 men in and around the mill. 

The power is furnished by two water wheels, and one auxiliary steam engine. 

The* ore coming to the mill averages about 20 9^ zinc and somewhat less than 
1% lead. The mill saves 79% of the values which is very good considering the 
unfavorable character of the ore. 

The points to be noticed in the mill are; (1) that hydraulic classifiers are 
placed before trommels, and that very close sizing is practiced, (2) that a large 
part of the concentrates are obtained at a high expense, (3) that the concentra- 
tion of the blende has been carried beyond the ordinary limits of economy. This 
last is due to the extra purity of the Ammeberg blende which gives it a higher 
value. This mill also illustrates the process of roasting for porosity by the 
calcining kilns (6). The pyrite is thereby rendered light enough to go into the 
tailings with the gangue. 


Johannes!) or g Mill. 

41. From (5). This is similar to the Ammeberg mill, hut much smaller, the 
capacity being about 3,000 tons per year. 

§ 675. Mill No. 20. Old Jordan and Galena Mining Company, Bing- 
ham, Utah. — Capacity 175 tons in 24 hours. The mill runs 24 hours per day, 
7 days per week. The ore is in two classes : Class I., consisting of the economic 
mineral pyrite and a gangue of quartz and decomposed porphyry; Class II., 
consisting of the economic minerals pyrite, galena and blende and a gangue of 
quartz and decomposed porphyry. In both classes the economic minerals carry 
a little gold and silver. The problem in I. is to save the pyrite, and in II. to 
save the galena and pyrite. Both classes are treated separately in the same mill. 
The ore is brought in ears holding 2,200 pounds to (1). 

1. One No. 1 grizzly with 1-J-inch spaces. Oversize to (4) ; undersize to (2). 

2. No. 1 or receiving bin holding about 400 tons. By No. 1 automatic feeder 

to (3). 

3. From (2) and (4). One No. 1 trommel with 0.25-ineh square holes. Over- 
size to (5) ; undersize to (7). 

-1. From (1). One No. 1 Blake breaker, 8 X 10 inches, crushing to 14 inches. 
By No. 1 automatic feeder to (3). 
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5. 'From (3). One pair of No. 1 rolls, 24X12 inches, set ^ inch apart. 
To (6). 

6. From (5) and (8). One No. 1 bnekeft elevator. To (7). 

7. From (3) and (6). One No. 2 trommel with 0.25-inch square holes. 
Oversize to (8); undersize to (9). 

8. One pair of No. 2 rolls, 24 X 12 inches, set } inch apart. To (6). 

9. From (7). One No. 3 trommel with 0.145-inch square holes. Oversize 
to (14) ; undersize to (10). 

10. One No. 4 trommel with 0.108-ineh square holes. Oversize to (15) ; 
undersize to (11). 

11. One No. 5 trommel with 0.06-inch square holes. Oversize to (16) ; under- 
size to (12). 

12. One No. 1 hydraulic classifier. Spigot to (17) ; overfiow to (13). 

13. Distributing trough with 3 spigots. Spigots separately to (18) ; overflow 
to (25). 

14. From (9). Two No. 1 jigs. 3-sieve Harz jigs. 1st and 2d hutches by 
car to (24) ; 3d hutch by barrow to (19) ; tailings, ve^ little in quantity, to (26). 

15. From (10). Two No. 2 jigs. 3-sieve Harz jigs. Products like (14). 

16. From (11). Two No. 3 jigs. 3-sieve Harz jigs. Products like (14). 

17. From (12). Two No. 4 jigs. 3-sieve Harz jigs. Hutches by car to 
(24) ; tailings to (25). 

18. From (13). Three 4-foot Frue vanners. Each treats one spigot from 
(13). Heads to (24) ; tailings to (25). 

19. From (14), (15), (16). No. 2 or middlings bin. To (20). 

20. From (19) and (22). One No. 2 bucket elevator. To (21). 

21. One pair of No. 3 rolls, 16 X 9 inches, set close together. To (22). 

22. One No. 6 trommel with 0.06-mch square holes. Oversize to (20) ; under- 
size to (23). 

23. Two No. 5 jigs. 2-sieve Harz jigs. Hutches to (24) ; tailings to (25). 

24. From (14), (15), (16), (17), (18), (23). Concentrates house. After 
draining they go by chute to tram cars and thence 2 miles to the railroad to b6 
dipped to smelter. 

25. From (13), (17), (18), (23). Tailings launder to creek. 

26. From (14), (15), (16). Tailings launder to (27). 

27. Two settling tanks holding about 400 cubic feet each. Settlings sluiced 
out periodically to waste; overflow to (28). 

28. A Knowles compound condensing pump lifting 40 feet to tank at top of 
mill. 

The labor required is 13 men per 24 hours, divided into 2 shifts: 1 foreman, 
2 engineers, 4 breakermen, 2 jig men, 2 vanner men and 2 other men. Wages 
range from $2.25 per day for laborers up to $5 for the foreman. Board costs 
$30 per month, and coal $5.50 per ton. 

Power is furnished by two boilers 16 feet long, 60 inches in diameter, with 
54 tubes 3J inches in diameter, running under a pressure oC 65 pounds per square 
inch, and burning 4,900 pounds of coal per day; and an engine with cylinder 
14 X 22 inches, making 74 revolutions per minute, with a 3J-mch Nordberg 
governor, and developing 16 to 27 indicated horse power. 

The mill receives 65 gallons of water per minute from the mine, and 90 to 100 
gallons are repumped from (28). 

One hundred tons of pyrite ore yield about 33 tons of concentrates containing 
about 90% of the gold and silver, and 80 to 85% of the iron. One hundred 
tons of galena ore yield about 50 tons of concentrates containing about 85% of 
the lead, 68% of the silver and 76% of the gold. 
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Analyses of both classes of ore and the products were as follows: 



Class L, or Pyrite Ore. | 

1 Class n., or Galena Ore. 

Ore. 

Concentrates. 

Tailings. 

Ore. 

Concentrates. 

Tailings. 

Percent lead 

0 

0 

0 

14 

25 

0.5 to 2 

Ounces silver per ton 

2.76 

5.0 

0.5 

7.18 

10.0 

1.0 

Ounces ^old per ton 

0.10 

0.18 

0.02 

0.08 

0.12 

0.03 

Percent zinc 

0 

0 

0 

17 

7.5 

(a) 

Percent iron 

28 

42.5 

(a) 

(a) 

26 

la) 

Percent silica 

8Q 

3.5to5 

75 to 90 

35 

5 

ia) 


(a) Not determined. 

Note the careful graded crushing which the ore receives in this mill by means 
of the breaker and two pairs of rolls together with the grizzly and No. 1 and 
No. 2 trommels. 

§ 676. Mill No. 21. Silver Age Mill, Idaho Springs, Colo^o. — Ca- 
pacity 40 to 50 tons in 24 hours. The mill runs 24 hours per day, six days per 
week. It is a custom mill treating ore from the following mines: Silver Age, 
Gem, Gem Extension, Crown Point, Lake, Bullion, Freeland, German, Minot 
and Brighton. These ores all contain some of the following economic minerals 
in both coarse and fine crystallization, and carrying gold and silver: pyrite, 
galena, tetrahedrite, chalcopyrite and blende. The gangue is quartz and feld- 
spar. The problem is to save the gold and silver, and in some cases the copper, 
the lead or the iron, this last being sold as a flux. The ore is brought in carts 
holding 5 tons each, or in railroad cars and shoveled to (1). 

1. Beceiving floor. By barrows to (2). 

2. One No. 1 Blake breaker, 7 X 10 inches, crushing to 1 inch. To (3). 

3. One pair of No. 1 rolls, 27 X 14 inches, set i inch apart. To (4). 

4. From (3) and (6). No. 1 bucket elevator. To (5). ^ 

5. One No. 1 trommel with 0.18-inch square holes. Oversize to (6) ; under- 
size to (7). , m 

6. One pair of No. 2 rolls, 24 X 14 inches, set close together. To (4) . 

7. From (5). One No. 2 trommel with 0.14-inch square holes. Oversize to 
(10) ; undersize to (8). 

8. One No. 3 trommel with 0.048-inch square holes. Oversize to (11) ; under- 
size to (9). , 

9. One No. 1 hydraulic classifier with 3 spigots. 1st spigot to (12) ; 2d to 

(13) ; 3d to (20) ; overflow to (21). 

10. From (7). One No. 1 jig. A 3-sieve Harz jig. 

(22) ; 3d to (14) or (22) ; tailings to (14). 

11. From (8). One No. 2 jig. A 4-sieve Harz jig. 
to (22) ; 4th to (14) or (22) ; tailings to (14). 

12. From (9). One No. 3 jig. A 4-sieve Harz jig. 

13. From (9). One No. 4 jig. A 4-sieve Harz jig. 


1st and 2d hutches to 

1st, 2d and 3d hutches 

Products like (11). 
Products like (11). 


14. From (10), (11), (12)', (13). One No. 1 unwatering box. Spigot to 
(15); overflow to (21). 

15. From (14) and (20). No. 2 bucket elevator. To (16). 

16. Two 3^-foot Huntin^on mills using screens with f X^*inch slots. To 

(17). 

17. One No. 2 hydraulic classifier with 1 spigot. One-half of spigot to (18) ; 

othorhalf to (19); overflow to (20). ^ ^ ^ ^ 

18. One No. 5 jig. A 4-sieve Harz jig. Hutches to (22) ; tailings to (^1)* 
19* From (17). One No. 6 jig. A 2-sieve Harz jig. Hutches to (22); 

^^ 20,^From^(9) and (17). One convex stationary slime table. Heads to (22) ; 
middlings to (15) ; tailings to (21). 
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21. From (9), (14), (18), (19) and (20). Tailings launder to waste. 

22. From (10), (11), (12), (13), (18), (19) and (20). Bins for concen- 
trates. The various products are brought to these by barrows, and are loaded by 
shovel upon cars. 

The labor required is 7 men per 24 hours. Wages vary from $2.25 per day 
for laborers to $3 for mill hands. Board costs $5 per week, lignite coal $3.25 
per ton and wood $4.50 per cord. 

Power is furnished from a Leffel turbine wheel, 30^ inches in diameter, rated 
at 44^ horse power, running at 150 revolutions per minute, under a head of 18 
feet and using 1,545 cubic feet of water per minute, which is brought 1,500 feet 
by a flume 4X6 feet in section. 

One hundred tons of ore yield 12 to 20 tons of concentrates from jigs Nos. 1 to 
4, 5 to 8 tons from jigs Nos. 5 and 6, and 3 to 5 tons from the slime table; also 
4 to 3 tons of tailings from overflow of hydraulic classifier, 48 to 40 tons from 
jigs Nos. 5 and 6 and 28 to 23 tons from the slime table. 

The ores vary very mudh in value so that the concentrates may run from 
practically nothing up to 5 or 6 ounces gold per ton and 30 ounces silver. The 
following assays show the results of work on one particular lot of ore. 



Ounces 
Silver 
per Ton. 

Ounces 
Gold 
per Ton. 

Jig No. 1. : 

Tfft hutch at. 

4.40 


2d “ 

8.70 

0.85 

8d “ 

8.80 


TftiHngfl 

1.30 

0.16 

Jig No 2. 

Iflt .“t t 

2.90 

0.85 

2d “ 

4.20 

0.82 

8d “ 

4.00 

1.15 

4th “ 

4.20 

1.00 

Tailings 

1.70 

0.25 

Jig No. 8. 

fSt. , t-Tt T 

4.20 

1.30 

2d “ 

4.00 

1.02 

8d “ 

5 10 

0.97 

4th “ 

4.20 

0.77 

Tailings 

1.90 

1 0.15 




Ounces 
Silver 
per Ton. 

Ounces 
Gold 
per Ton. 

Jig No. 4. 



^o record.) 



Jig No. 5. 



Ist hutch 

8.10 

0.76 

2d “ 

2.80 

0.75 

8d § ** 

8.40 

0.60 

4th “ 

4.00 

0.65 

T^ngs 

0.60 

0.08 

Jig No. 6. 

1st hutch 

2.90 

0.60 

2d “ 

4.00 

0.50 

Tailings 

0.90 

0.06 

Slime timle. 



Heads 

4.10 

0.66 

Tailings 

1.00 

0.04 


(e) COMPLEX JiGGi]sra mills concentrating galena, with or without 
PYRITE, from limestone AND QUARTZ IN SOUTHEASTERN MISSOURI. 

§ 677. This group includes Mills 22, 23, 24 and 25. They all crush by breaker 
and rolls. Mills 22, 23 and 24 concentrate by trommels and classifiers followed 
by jigs and tables. Mill 25 concentrates by roughing jigs and classifiers fol- 
lowed by trunking machine, finishing jigs and tables. 

Mill 22 sets aside the coarsest poorest middling product as tailings to be 
treated at some future time, because the re-treatment nets less profit than working 
fresh ore; the richer middlings are recrushed by auxiliary rolls and sent back 
into the system. This mill settles its slimes by a box classifier (Rittingcr 
spitzgerinne) and concentrates them by slime tables. Mill 24 reerushes and 
washes all middlings by sending them back into the system. The slimes pass 
through a series of box classifiers to the slime tables. The last overflow goes to 
settling tanks at the end of the series. Mill 25 reerushes its middlings by 
auxiliary rolls, and washes them by auxiliary classifiers, jigs, and bumping tables. 
The slimes are settled on their way to the Parsons tables. All slime bearing over- 
flows of water, preparatory to using the water over again, go through clarifying 
reservoirs, which yield a sediment carrying 6% lead. This is reported as too 
fine to concentrate, and too poor to smelt, and it is therefore sluiced away. This 
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mill lies between the simple jigging plants as Mill 10, and complex jigging plants 
as Mill 22. It begins concentrating upon unsized and unclassified material^ but 
all its later treatment is aided by classifiers. In regard to this system the tail- 
ings of the No. 1 or roughing jigs contain grains of included galena and grains of 
fine floating galena. In other mills both of these classes of grains have more 
chances to be saved than they do here. 

The use of an intermediary jig between the last trommel and the first classi- 
fier occurs in two mills of this group, Mill 23, jig No. 4, and Mill 24, jig No. T. 

§ 678. Mill No. 22. Central Lead Company, Flat Eiver, St. Francois 
County, Missouri. — Figs. 512a-512d give a general idea of the mill, although 
the machines are arranged somewhat differently than in the later scheme given 
helow. Capacity 175 tons in 24 hours. The mill runs 24 hours per day, 6 days 
per week. The ore consists of the economic minerals galena in coarse and fine 
crystallization, and a little finely disseminated ppite and a gangue of limestone. 
The problem is to save the lead. The ore is hoisted in a car holding 1,500 pounds 
and dumped upon (1). 

1. One No. 1 grizzly with 1-inch spaces Oversize to (2) ; undersize to (3). 

2. Two No. 1 Dodge breakers, 8 X 16 inches, crushing to 1 inch. To (3). 

3. From (1) and (2). Cars with hopper bottoms holding 20,000 pounds each. 
Pulled by horses 1,500 feet, and used as receiving bins. To (4). 

4. No. 1 automatic feeder. A roUer feeder with roll 18 inches long, 18 inches 
diameter on a 2-inch shaft, driven by a sprocket wheel 30 inches in diameter at 
the rate of 1 revolution in 41 seconds ; hopper is 28 X 34 inches, and 30 inches 
deep. To (5). 

5. From (4) and (6). One pair of No. 1 rolls, 30 X 16 inches, set 0.4 inch 
apart. To (6). 

6. From (5) and (22). One No. 1 trommel with 12-mm. round holes. Over- 
size to (11) or sometimes to (5) ; undersize to (7). 

7. One No. 2 trommel with 6-mm. round holes. Oversize by distributor to 

(12) ; undersize to (8). 

8. One No. 3 trommel with 3-nmi. round holes Oversize by distributor to 

(13) ; undersize to (9). 

9. One No. 1 hydraulic classifier with 2 spigots 1st spigot to (14) ; 2d to 
(15) ; overflow to (10). 

10. One No. 1 surface current box classifier with 2 spigots. 1st spigot to (16) ; 
2d to (17) ; overflow as hydraulic water to (12). 

0 . 1 . From (6). One No. 1 jig. A 3-sieve Harz jig. 1st discharge to (25) ; 
2d and 3d to (23) ; 1st, 2d and 3d hutch to (12) ; tailings to (27). 

12. From (7) and (11). Four No. 2 jigs. 2-sieve accelerated jigs. 1st dis- 
charge to (25) ; 2d to (23) ; 1st and 2d hutch to (25) ; tailing<5 to (27). 

13. From (8). Three No. 3 jigs. 2-sieve Harz jigs. Products like (12). 

14. From (9). Four No. 4 jigs. 3-sieve Harz jigs. 1st discharge and 1st, 

2d and 3d hutch to (25) ; tailings to (27). 

15. From (9). Four No. 5 jigs. 3-sicve Harz jigs. 1st, 2d and 3d hutch 
to (25) ; tailings to (27). 

16. From (10). One No. 1 convex revolving slime table. This and No. 2 
table arc on the same shaft forming upper and lower decks respectively. Heads 
to (18) ; middlings to (21) ; tailings to (27). 

17. From (10). One No. 2 convex revolving slime table. Products like (16). 

18. From (16) and (17). One No. 1 settling tank. Settlings bv barrow to 

(28) ; overflow to (19). 

19. One No. 2 settling tank. Settlings bv barrow to (28) ; overflow to (20). 

20. From (19) and (26). One No. 3 settling tank. Settlings by barrow to 
(24) ; overflow to (27). 
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21. From (16) and (17). Unjlnished products launder. To (23). 

22. From (21), (24) and (26). A centrifugal pump. To (6). 

23. From (11), (12) and (13). Middlings launder. To (24). 

24. From (20) and (23). One pair of No. 2 rolls, 30 X 16 inches, set close 
together. To (22). 

25. From (11), (12), (13), (14) and (15). Concentrates launder. To (26). 

26. One trunking table. Heads to (28) ; coarse tailings to (22) ; fine tailings 
to (20). 

27. From (11), (12), (13), (14), (15), (16), (17) and (20). Three tail- 
ings launders, two for jig tailings which are dumped by themselves for their 
prospective value, and one for fine tailings. To waste dump. 

28. From (18), (19) and (26). Shipping car. To smelter 

The labor required is 16 men per 24 hours divided into 2 shifts : 2 engineers, 
2 firemen, 2 shift bosses, 2 roll feeders, 4 jig men, 2 table men and 2 mineral 
weighers. Wages range from $1.25 to $2 per shift. Board costs $0.50 per 
day; coal costs $2.25 per ton; wood costs $1.50 per cord. 

The power is derived from a boiler 60 inches in diameter, 18 feet long, with 
tubes 4 inches in diameter, running under a pressure of 100 pounds per square 
inch, and consuming 5 tons of coal per 24 hours ; and a simple Buckeye engine 
with cylinder 11 X 22 inches, making 145 revolutions per minute, cutting off 
at \ stroke and developing 45 indicated horse power. 

The mill receives 75 gallons of water per minute from the mine, and 725 
gallons per minute from the river. A Worthington duplex pump with steam 
cylinder X 10 inches, and water cylinder 10^ X 10 inches lifts the water 70 
feet from the river. Some water is repumped in the mill by the centrifugal 
pump (22). 

The mine ore contains from 5 to 10% lead, and the concentrates contain 65% 
lead. 

§ 679. Mill No. 23. Flat Eiver Lead Company, Flat River, Missouri. — 
Capacity 100 tons in 24 hours. The mill runs 24 hours per day, six days per 
week. The ore consists of the economic minerals galena in coarse and fine 
crystallization and a little finely disseminated pyrite, and a gangue of dolomite. 
The problem is to save the lead. The ore is hoisted from the mine by skip and 
dumped upon (1). 

1. Receiving floor. Shoveled to (2). 

2. One No. 1 Blake breaker, 9 X 15 inches, crushing to 1-| inches. To (3). 

3. One pair of No. 1 rolls, 27 X 14 inches. To (4) . 

4. From (3) and (6). One No. 1 bucket elevator. 'To (5). 

5. One No. 1 trommel with 7-mm. round holes. Oversize to (6) ; undersize 
of 1st half to (7) ; undersize of last half to (12). 

6. From (5), (12), (13), (14), (15) and (16). One pair of No 2 rolls, 
27 X 14 inches, set close together. To (4). 

7. From (5). One No. 2 trommel with 5-mm. round holes. Oversize to 
(13) ; undersize to (8). 

8. One No. 3 trommel with 3-mm. round holes. Oversize to (14) ; undersize 
to (9). 

9. One No. 4 or intermediary jig. 1-sieve Harz jig. Discharge and hutch to 

(19) ; tailings to (10). 

10. One No. 1 hydraulic classifier with 3 spigots. 1st and 2d spigots to (15) ; 
3d to (16) ; overflow to (11). 

11. From (10), (17) and (18). One No. 1 surface current box classifier with 
5 spigots. 1st and 2d spigots to (17) ; 3d, 4th, and 5iih to (18) ; overflow to 

( 20 ) . 
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12. Prom (5). One JSTo. 1 jig. 2-sieve Harz jig. 1st discharge to (19); 

2d to (6) ;-lst hutch to (19) ; 2d to (6) ; tailings to (20). 

13. From (7). Two No. 2 jigs. 2-sieve Harz jigs. Products like (12). 

14. From (8), Two No. 3 jigs. 2-sieve Harz jigs. Products like (12). 

15. From (10). Two No. 5 jigs. 3-sieve Harz jigs. 1st and 2d hutches to 
(19) ; 3d to (6) ; tailings to (20). 

16. From (10). One No. 6 jig. 3-sieve Harz jig. Products like (15). 

17. From (11). One No. 1 converx revolving slime table. Heads to (19); 
middlings by centrifugal pump to (11); tailings to (20). 

18. From (11). One No. 2 convex revolving slime table. Products like (17). 

19. From (9), (12), (13), (14), (15), (16), (17) and (18). Bins for con- 

20. From (11), (12), (13), (14), (15), (16), (17) and (18). Tailings 
launder to waste. 

Wages vary from $1 per day for laborers up to $1.50 or $2 for mechanics. 
Board costs $0.50 per day, coal $2 per ton and wood $0.85 per cord. 

The ore contains up to 50% lead and the concentrates contain 74% lead. 

§ 680. Mill No. 24. Mine la Motje, Mine la Motte, Missouri. — Ca- 
pacity 100 tons in 22 hours. The mill runs 22 hours per day, six days per 
week. The ore consists of the economic minerals galena in coarse and fine crys- 
tallization and a little finely disseminated pyrite, and a gangue of limestone con- 
taining about 20% silica in oolitic grains. The problem is to save the lead. 
The ore is hand picked in the mine, and one-quarter to one-half of it rejected 
as waste. The remainder is hauled from to 2J miles in side dumping cars 
holding about 3 tons each to (1). 

1. Platform elevator lifting 29 feet. The car is dumped over a flap 6J feet 
long, 29 inches wide, hinged 33 inches above the floor which drops against the 
platform of the elevator, and, sloping 30®, serves to guide the ore to (2). 

2. Eeceiving floor. Shoveled to (3). 

3. One No. 1 Blake breaker, 9 X 15 inches, crushing to 1-J inches. To (4). 

4. One No. la trommel with 10-mm. round holes. Oversize to (5) ; under- 
size to (9). 1 

5. One pair of No. 1 rolls, 28^ X 12 inches, set ^ to 4 inch apart. To (9). 

6. From (9). One No. 16 trommel with 10-mm. round holes. Oversize to 

(7) ; undersize to (18). , 

7. From (6), (18), (19), (20), (21), (31). One No. 1 bucket elevator. 
To (8). 

8. One pair of No. 2 rolls, 30 X 12 inches, set 4 to inch apart. To (9). 

9. From (4), (5) and (8). One No. 2 trommel with 7-mm. round holes. 
Oversize to (6) ; undersize to (10). 

10. One No. 3 trommel. Sectional with S-mrn. and 5-mm. round holes. Over 
5 mm. to (19) ; through 5 on 3 mm. to (20) ; through 3 mm. to (11). 

11. One No. 1 hydraulic classifier with 2 spigots. 1st spigot to (21) ; 2d 
spigot and overflow to (12). 

12. One No. 5 or intermediary jig. 1-sieve Harz jig. Hutch to (31) ; tail- 
ing's to (13). 

13. From (12) and (28). One No. 1 whole current box classifier with 2 
spigots. Spigots to (22) ; overflow to (14). 

14. From (13) and (29). One No. 2 whole current box classifier with 4 
spigots. 1st spigot to (23) ; 2d to (24) ; 3d not used; 4th to (25) ; overflow 
to (15). 

15. One No. 3 whole current box classifier with 1 spigot and 2 overflows. 
Spigot to (25) ; 1st overflow not used; 2d to (16). 
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16. One No. 4 whole current box classifier with 2 spigots. Spigots to (26) : 
overflow to (17) or (32). 

17. From (16) and (30). No. 1 settling tank. Settlings on every alternate 
day by No. 1 centrifugal pump with 2|-ineh discharge pipe to (27) ; overflow 
by No. 2 centrifugal pump with 3-inch discharge pipe back to water supply 
tank. 

18. From (6). One No. 1 jig. 2-sieve crank arm accelerated jig. 1st dis- 
charge to (31) ; 2d discharge and 1st and 2d hutches to (7) ; tailings to (30). 

19. From (10). Three No. 2 jigs. 2-sieve crank arm accelerated jigs. Prod- 
ucts like (18). 

20. From (10). One No. 3 jig. 2-sieve crank arm accelerated jig. Producttr 
like (18). 

21. From (11). Four No. 4 jigs. 2-sieve Parsons jigs. 1st discharge to 
(31) ; 2d to (7) ; 1st hutch to (31) ; 2d to (7) ; tailings to (30). 

22. Prom (13). Four No. 6 jigs. 3-sieve Harz jigs. 1st hutch to (31) ; 
2d to (31) or (28); 3d to (28); tailings to (32). 

23. From (14). One No. 1 convex revolving slime table. Heads by barrow 
to shipping floor; middlings to (29) ; tailings to (32). 

24. From (14). One No. 2 convex revolving slime table. Products like (23) . 

25. From (14) and (15). One No. 3 convex revolving slime table. Product^ 
like (23). 

26. Prom (16). One No. 4 convex revolving slime table. Products like (23) 

27. Prom (17). One 4-foot Frue vanner. Heads by barrow to shipping floor : 
tailings to (32). 

28. Prom (22) and sweepings of floor. One No. 3 centrifugal pump with 
l^-inch discharge pipe. To (13). 

29. From (23), (24), (25) and (26). One No. 4 centrifugal pump witli 
2-inch discharge pipe. To (14). 

30. From (18), (19), (20), (21). ^^Chats” cars. ^^Chats^’ or tailings hauled 
to dump; overflow to (17). 

31. From (12), (18), (19), (20), (21), (22). Mineral floor, 10 feet squarv. 
Concentrates by barrow to shipping floor and thence by wagon to smelter; drain- 
ings to (7). 

32. Prom (16), (22), (23), (24), (25), (26), (27). Tailings launder tv> 
creek, and thence to settling pond from which water is pumped back to the mill 
supply tank by a No. 10 Knowles pump. 

The labor required is 23 men per 24 hours, divided into 2 shifts; 2 engineer^, 
2 firemen, 2 men on platform elevator, 4 breaker men, 2 jig tenders acting al^o 
as foremen, 4 table men, 4 tank men and weighers, 1 boy for cleaning, 2 rniMi 
driving 4 mules for hauling ‘^ehats’\ Wages range from $0.70 per shift for boys 
up to $1.80 for foremen. Board costs $0.40 per day; coal costs $3 per ton : 
wood costs $1.75 per cord. 

The power is deuved from 2 boilers, 48 inches diameter, 20 feet long, each 
with 10 tubes 6 inches diameter, running under a pressure of 80 pounds per 
square inch, and burning about 6J tons of coal per 24 hours. These boilers ruii 
4 engines in the mill, and also a 6 X S-ineh engine in the machine shop. An 
engine with cylinder 12 X 20 inches, making 155 revolutions per minute, runs 
the breaker, rolls, the platform elevator and the bucket elevator. A second 
engine with cylinder 10 X 12 inches runs all the trommels, all the jigs, tlie Friu' 
vanner. No. 4 slime table and Nos. 1 and 3 centrifugal pumps. A third engiiv‘ 
with cylinder 10 X 12 inches runs Nos. 1, 2 and 3 slime tables, and No. 4 centrif- 
ugal pump. A fourth engine with cylinder 7X9 inches runs No. 2 centrifugal 
pump. 

The water is brought from a storage reservoir by an 8-inch cast iron pipe 7,1 Oo 
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feet long, with 70 feet head, and is delivered into a mill supply tank 
11 X 7^ X 6;| feet, under the breaker. 

The ore as received at the mill contains 9 to 15% lead and a trace of nickel; 
the concentrates of the jigs contain about 74% lead, and those of the slime tables 
and vanner carry 55 to 60% lead; the pyritic concentrates contain 20 to 30% 
lead and a variable quantity of nickel; the tailings contain IJ to If % lead and a 
variable quantity of nickel. Of the ore mined, f to is picked out as waste 
in the mine, while the remainder comes to the mill where 100 tons of ore yield 
about 10^ tons of jig concentrates, IJ tons of table and vanner concentrates, and 
88 tons of tailings. The mill saves 87 to 90% of the total lead in the ore. 

This mill shows a rather unusual arrangement of rolls and trommels. The 
scheme seems to be to crush the middlings as far as possible separately from the 
original ore, but still not to have entirely separate apparatus for each. 

§ 681. Mill No. 25. St. Joseph Lead Company, Bonne Terre, Missouri. 
— Figs. 513a and 513& illustrate this mill except in a few points where changes 
have been made. Capacity 900 tons in 24 hours. The mill runs 24 hours per 
day, 6 days per week. The ore consists of the economic minerals galena in 
coarse and fine crystallization and a little finely disseminated pyrite and a gangue 
of dolomite. The problem is to save the lead. The ore is hand picked in the 
mine into waste which is hoisted and hauled to the Mississippi river to be used 
for filling ; and concentrating ore, which is hoisted separately, dumped into cars 
with hopper bottoms holding 25 tons and hauled by locomotive f to 5 miles 
to (1). 

1. Bins with flat bottoms. Shoveled to (2), 

2. Spalling floor. To (3). 

3. Ten No. 1 Blake breakers, 9 X 15 inches, crushing to inches. To (4). 

4. From (3) and (5). Ten pairs of No. 1 rolls, 30 X 14 inches, set close 
together. To (5). 

5. Ten No. 1 trommels with 6-mm. round holes. Oversize by ten No. 1 bucket 
elevators to (4) ; undersize by ten No. 1 centrifugal pumps with 4-inch dis- 
charge pipes and ten No. 1 Parsons distributors to (6). 

6. Ninety No. 1 jigs. 2-sieve Parsons jigs. Skimniings to (13); hutches 
partly to (7) and partly to (8) ; tailings to (23). 

7. Two No. 1 surface current box classifiers with one spigot each. Spigot to 
(15) ; overflow to (8). 

8. From (6) and (7). Four No. 2 surface current box classifiers with one 
spigot each. Spigot to (16) ; overflow to (9). 

9. Two No. 3 surface current box classifiers with one spigot each. Spigot by 
No. 2 centrifugal pumps to (17) ; overflow to (10). 

10. Two No. 4 surface current box classifiers with one spigot each. Spigot 
by No. 3 centrifugal pumps to (17) ; overflow to (11). 

11. Two No. 5 surface current box classifiers with one spigot each. Spigot 
by three No. 2 Parsons distributors to (19) ; oveiflow to (12). 

12. Two No. 1 unwatering boxes with two spigots each and a 6-inch pipe near 
the top. Spigots by No. 4 centrifugal pumps to (20) ; 6-inch pipe delivers water 
to undersize of (5) ; overflow to (24). 

13. From (6). Two pairs of No. 2 rolls, 30 X 14 inches, set close together, 
run alternately. By No. 5 centrifugal pumps and two No. 3 Parsons dis- 
tributors to (14). 

14. Twelve No. 2 jigs. 3-sieve Harz jigs. Hutches to (22) ; tailings to (23). 

15. From (7). One No. 1 trunking machine. Heads to shipping car for 

smelter; taili?Tgs by No. 6 centrifugal pump to (17). 

16. From (8). Two No. 2 trunking machines. Products like (15). 

17. From (9), (10), (1$) and (16). Two No. 4 Parsons distributors. To 

(18). 
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18. Twelve No. 3 jigs. 3-sieve Harz jigs. Hutches to (22) ; tailings to (23). 

19. From (11). Forty-eight No. 1 Parsons-Hittinger bumping tables. Heads 
to (22); middlings to (20); tailings to (23). 

20. From (12), (19), (21) and (22). Four No. 1 whole current box classi- 
fiers with one spigot each. Spigot by three No. 7 centrifugal pumps and four 
No. 5 Parsons distributors to (21) ; overflow to (24). 

21. Sixty-four No. 2 Parsons-Kittinger bumping tables. Heads to (22) ; 
middlings to (20) ; tailings to (23). 

22. From (14), (18), (19), (21). No. 1 settling tank for concentrates. 
Settlings shoveled to shipping car for smelter; spigot to (20) ; overflow to (24). 

23. From (6), (14), (18), (19), (21). No. 2 settling tank for tailings. 
Spigots by car to be us^ on railroad for ballast and filling; overflow to (24). 

24. From (12), (20), (22), (23). Clarifying reservoir. Settlings flushed 
out periodically; water pumped back to mill supply tank. 

The labor required is 61 men per 24 hours: 30 feeders working 8-hour shifts; 
16 others working 12-hour shifts; 9 firemen working 8-hour shifts and 6 engi- 
neers working 8-hour shifts. Wages vary from $0.75 per shift for boys to 
$1.25 for laborers and $2.50 for mechanics. Board costs $0.45 per day; coal 
costs $2 per ton; wood costs $2.10 per cord. 

The power is derived from 3 water tube boilers with steam drum 36 inches in 
diameter, 20 feet long and with 172 tubes 3| inches in diameter, running under a 
pressure of 120 pounds per square inch, and burning 32 tons of coal in 24 hours; 
and two Harris Corliss engines, one with cylinder 23 X 48 inches, and making 
60 revolutions per minute, and the other with cylinder 20 X 40 inches, and 
making 62 revolutions per minute. The engines cut off at f stroke and develop 
450 horse power. 

The water in this mill is used over and over, being pumped from the clarifying 
reservoir by three Wilbraham rotary pumps, size No. 1, making 115 revolutions 
per minute, and delivering 2,250,000 gallons per 24 hours through a 12^-inch 
delivery pipe made of 3. -inch wrought iron plate, to an artificial pond above the 
mill. This pond has a drainage area of about a square mile which is sufficient 
for supplying the small amount of water wasted in the mill, and the water neces- 
sary for fiushing out the clarifying reservoir. 

The ore coming to the mill assays about 7% lead and 1 % pyrite; the concen- 
trates assay 72% lead; the tailings assay 1.4 to 1.5% lead, but most of the value 
is in the slimes which when flushed from the reservoir assay 6% lead, but cannot 
be profitably treated; the hutches of No. 1 jigs assay 20 to 25% lead; the 1st 
hutches of No. 2 jigs assay 75% lead, and the 3d hutches assay 60% ; the heads 
of the trunking table assay 72 to 75% lead. One hundred tons of ore yield about 
8-J- tons of concentrates and 91 1 tons of tailings; of this 100 tons 22 tons reach 
the trunking machines, the heads of which amount to about 6 tons. 

(/) COMPLEX JIGGING MILLS CONCENTRATING THE VARIOUS SILVER AND LEAD 
MINERALS IN COLORADO AND UTAH. 

§ 682. This group includes Mills 26, 27, 28 and 29. These all crush by break- 
eis and rolls and concentrate by screens, cla'^^^ifiers, jigs, and slime tables or van- 
ners, or both. They are saving galena with silver bearing minerals. Among 
the included grains in the middlings is every conceivable mixture, both as to 
quality and proportions of the component minerals. Mill 26 recrushes mid- 
dlings by an auxiliary Bryan mill, and washes them by auxiliary vanners. Mill 
27 recrushes the coarse middlings by auxiliary rolls, and the fine middlings by 
auxiliary gravity stamps, the sand and pulp '^both going back into the system. 
Mill 28 re-works its middlings b\ auxiliary rolls, screens", and jigs. This mill is 
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designed along the lines of German practice, making it the most elaborate mill in 
the group. Mill 29 makes no middlings except on the slime table. 

§ 683. Mill No. 26. Bullion Beck and Champion Mining Company, 
Bueeka, Utah. — Capacity 200 tons per day. The mill runs 24 hours per day, 
7 days per week. The ore consists of the economic minerals galena, cerrusite, 
malachite, azurite, some silver as sulphide, chloride, arsenite and arseniate, a 
little gold, some arsenite and arseniate of copper and a gangue of quartz with 
some limestone. The problem is to save the lead, copper, silver and gold. The 
ore is hand picked in the mine into (a) shipping ore which is hoisted and goes 
to smelter, (6) concentrating ore which is hoisted separately to (1), (c) waste 
which is used for stowing in the mine or hoisted separately and sent to the dump. 

1. No. 1 bin holding 200 tons. By gate to hoisting skip holding 2 tons which 
lifts ore 200 feet vertically or 650 feet on the slope, and dumps it over a chute 
10 X 6 feet in size to (2). 

2. One No. 1 breaker, a Comet D, crushing to 2^ inches. To (3). 

3. One No. 1 trommel with 31.8-mm. round holes. Oversize to (4) ; under- 
size to (5). 

4. Two No. 2 breakers. Dodge breakers, 11 X 15 inehes, crushing to f inch. 
To (5). 

5. From (3) and (4). One No. 2 bin holding 300 tons. By gates and chutes 
and two No. 1 Tulloch feeders to (6). 

6. One pair each of No. 1 and No. 2 rolls, 36 X 16 inehes, set i to inch apart. 
To (7). 

7. From (6) and (9). One No. 1 bucket elevator. To (8). 

8. Two No. 2 trommels with 5.7-mm. square holes. Oversize to (9) ; undersize 
to (10). 

9. One pair of No. 3 rolls, 36 X 16 inches, set close together. To (7). 

10. From (8). Two No. 3 trommels with 3.6-mm. square holes. Oversize 
to (15) ; undersize to (11). 

11. Two No. 4 trommels with 2.1-mm. square holes. Oversize to (16) ; under- 
size to (12). 

12. Two No. 5 trommels with 1.5-mm. square holes. Oversize to (17) ; 
undersize to (13). 

13. Two No. 6 trommels with 0.9-mm. square holes. Oversize to (18) : under- 
size to (14). 

14. One No. 1 hydraulic classifier with 2 spigots. 1st spigot to (19) ; 2d to 
(20) ; overflow to (25). 

15. From (10). Four No. 1 jigs. 3-sieve Harz jigs. 1st hutch to (31) ; 
2d and 3d by barrow to (21) ; tailings to (27). 

16. From (11). Two No. 2 jigs. 3-sicve Harz jigs. Products like (15). 

17. From (12). Two No. 3 jigs. 3-sieve Harz jigs. 1st and 2d hutches 
to (31) ; 3d by barrow to (21) ; tailings to (27). 

18. From (13). One No. 4 jig. 3-sieve Harz jig. 1st and 2d hutclies to 
(31) ; 3d by barrow to (21) ; tailings to (26). 

19. From (14). One No. 5 jig. 3-sieve Harz jig. Products like (18). 

20. From (14). One No. 6 jig. 2-sieve Harz jig. 1st hutch to (31); 2(1 

by barrow to (21) ; tailings to (26). 

21. From (15), (16), (17), (18), (19), (20). One No. 2 bucket elevator. 
To (22) either direct or by a bucket conveyor. 

22. Three No. 3 or middlings bins each 12 feet long, 14 feet deep and 16, 5 

and 16 feet wide, respectively. By gates and chutes and three No. 2 Tulloeli 

feeders to (23). 

23. Three 5-foot Bryan mills using a screen with 0.54-mm. square hole^. 
To (24). 
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24. Ten Frue vanners. Heads to (31) ; tailings to (29). 

25. From (14). Five 6-foot Johnston vanners. Heads to (31) ; tailings i 
(29) . 

26. From (18), (19), (20). One Xo. 1 nnwatering box. Spigot to left sic 
of reservoir; overflow to (2?). 

27. From (15), (16), (17) and (26). Two Xo. 1 settling tanks used alte 
nately. Settlings removed periodically by gate in bottom to car and hauled i 
■dump; overflow to (28). 

28. From (27) and (30). One Xo. 2 settling tank. Settlings flushed oi 
periodically through gate in bottom to dump; overflow by 2 Emowles duple 
pumps to Xos. 3 and 4 water tanks. 

29. From (24) and (25). One Xo. 2 unwatering box. Spigot to right sic 
of reservoir; overflow to (30). 

30. One Xo. 3 settling tank. Settlings flushed out every 24 hours to dump 
overflow by centrifugal pump with 3-inch discharge pipe to (28). 

31. From (15), (16), (17), (18), (19), (20), (24), (25). Drainage floe 
for concentrates. 'By barrow to railroad cars and thence to smelter ; drainings i 
reservoir. 

The labor required per 24 hours is 28 men divided into two shifts : 2 men o 
hoisting skip, 2 firemen, 2 engineers, 2 foremen, 2 jig men, 4 helpers, 3 vanne 
men, 3 laborers, 4 repair men, 2 roll men, 2 tank men. Wages vary from $2 pe 
day for laborers to $3 or $4 for mechanics. Board costs $20 to $25 per month 
slack coal costs $3 per ton ; wood costs $5 to $6 per cord. 

The power is furnished by 2 boilers 66 inches in diameter, 16 feet long, eac 
with 56 tubes 4 inches in diameter, running under a pressure of 115 pounds pc 
square inch, and burning 6 tons of slack coal per 24 hours ; and a simple slifi 
valve engine with cylinder 16 X 36 inches, making 90 revolutions per minut 
and yielding 164 indicated horse power. A 50-horse power hoisting engine 
used for the hoisting skip. 

The mill receives 30 gallons of fresh water per minute, and 80 to 10 
gallons per minute are re-pumped. The fresh water costs $10 per 24 hours, an 
is the same as that of the town of Eureka. It comes by gravity from a reservoi 
200 feet long, 60 feet wide, 12 feet deep, and located 14 miles distant, and i 
delivered to Xo. 1 or pressure tank 10 X 12 X 6 feet deep, which supplies tb 
trommels and hydraulic classifiers, and then overflows to Xo. 2 water tan 
14 X 16 X 14 feet deep. The le-puinped water comes mainly from (28) an 
goes to Xo. 3 and Xo. 4 water tanks, each 10 X 16 X 14 feet deep. The^e tanl 
have sediment deposit in them which has to be cleaned out at times. When thi 
happens one is cleaned out at a time, the other doing the whole work. All th 
drainage from the mill is gathered in a reservoir at the foot of the hill about 60 
feet away, settled there, and the clear water drawn off into a tank 36 X 20 X 
feet deep, and thence pumped back to Xo. 1 water tank by a Miller duplex pum 
■with a capacity of 100 to 125 gallons per minute. The reservoir ha^ a settlin 
surface of 40,000 square feet, and tlie banks are kept above the clinic deposits b 
the spigot products of (26) and (29). These are led around the reservoir i 
Y-shaped launders in which are small triangular openings with an^a of 1 squai 
inch and placed 4 inches apart. By taking out ])lugs from the>e holes, the resei 
voir man can direct the >and to any desired point along the bank of the reservoi 

An a])pro.\iniate analysis of the concentrating ore l^ as follow^: .silica (SiO^ 
70%, iron oxide (FeD,^) 3%, lead 7%, copper 0 to 0.5%, sulphur 0.3%, ziu 
1 to 2%, arsenic 0.5%, gold about 0.02 ounce per ton, silver 9 ounces per toi 
of which 30% is chloride and 70% is sulphide. The concentrates contain aboi 
35% lead, 0.5 to 3.0% copper, 30 ounces of >ilver per ton, and 0.05 ounce gol 
per ton. The tailings contain 0.3 to 1.5% lead, a trace of copper, 4.5 to 8. 
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§ 684 

ouncGs silver per ton, and 0.01 to 0.02 ounce gold per ton. The vanner tailings 
are richer than the jig tailings. Of the ore mined an average of 60% is picked 
out in the mine as shipping ore, 15% is picked out as waste, and 25% is con- 
centrating ore for the mill. In the mill 100 tons of ore yield 10 to 15 tons of 
concentrates, and 85 to 90 tons of tailings. The mill saves 75 to 85% of the lead, 
and about 40% of the silver. 

§ 684. Mill l!^o. 27. EEVE3sruE Tuit^tel Miites Company, Mount Sneffles, 
Ouray, Colorado. — See Fig. 514, which shows the mill at an earlier period, and 
therefore differs from the outline in one or two points. Capacity 120 tons per 
24 hours. The mill runs 24 hours per day, 7 days per week. The ore consists 
of the economic minerals argentiferous galena, tetrahedrite, pyrite, blende, a little 
chalcopyrite and a gangue of quartz and porphyry. The minerals axe mostly m 
coarse crystallization. The problem is to save the lead, copper and silver, and its 
accompanying gold without the zinc. The ore comes to ihe mill in pivoted end 
dump ears holding 4,000 pounds, and is dumped to (1). 



to (3) ; residue to (4). 

3. From (1) and (2). Two ITo. 2 bins for picked ore. To shipping wagons. 

4. Prom (2). Two No. 1 Blake breakers, 9X15 inches, crushing to 1^- inches. 
Only one run at a time. Bv two No. 3 bins and two No. 1 'rulloch feeders to (5). 

5. Two No. 1 trommels. Only one at a time. Each sectional with 15.9, 
25.4 and 38.1-mm. round holes. Over 38.1 mm. to (6) ; through 38.1 on 25.4 
jUm. to (19) ; through 25.4 mm. on 15.9 mm. to (20) ; through 15.9 mm. to (9). 
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6. From (5), (8)j (19) and (20). One No. 1 bucket elevator. *To (7). 

7. One pair of No. 1 I'olls, 36 X 14 inches, set 4 inch apart. To (8). 

8. One No. 2 trommel with 15.9-mm. round holes. Oversize to (6) ; nndersiz' 
to (9). 

9. From (5) and (8). One ISTo. 2 bucket elevator. To (10). 

10. One No. 3 trommel with 12.7-mm. round holes. Oversize to (21) ; under- 
size to (11). 

11. One No. 4 trommel with 10.3-mm. round holes. Oversize to (22) ; under 
size to (12). 



MILL 27. 

12. One No. 5 trommel with 8.3-mm. lound holes. Oversize to (23) ; undei 

size to (13). , -L 1 

13. From (12) and (26). One No. 6 trommel with 4.4-mm. round holes 

Oversize to (27) ; undersize to (14). 

14. One No. 7 trommel with 2.8-mm. round hol(*s. Oversize to (28) ; under 

size to (15). . 

15. One No. 8 trommel with 2-mm. round holes. Oversize to (31) ; undersiz 

16. From (15) and (30). Two No. 1 hydraulic classifiers. Meinecke class' 
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fiers with 4 spigots each. 1st spigot to (32) ; 2d to (34) ; 3d to (36) ; 4th not 
used ; oYerflo w to ( 1 7 ) . 

17. Two J^To. 1 whole current box classifiers with 4 spigots each. Spigots to 
(42) ; overflow to (18). 

18. Two No. 2 whole current box classifiers. Spigots to (40) ; overflow to 
(44). 

19. From (5). One No. 1 jig. 2-sieve crank arm accelerated jig. Dis- 
charges and hutches by cars to shipping wagons; tailings to (6). 

20. From (5). Two No. 2 jigs. A 2-sieve Harz jig and a 2-sieve crank arm 
accelerated jig. Products like (19). 

21. From (10). One No. 3 jig. A 4-sieve crank arm accelerated jig. Dis- 
charges and hutches to (45) ; tailings to (24). 

22. From (11). One No. 4 jig. A 4-sieve crank arm accelerated jig. 

Products like (21). 

23. From (12). Two No. 5 jigs. A 4-sieve Harz jig and a 4-sieve crank 
arm accelerated jig. Products like (21). 

24. Prom (21), (22), (23). One No. 3 bucket elevator. To (25). 

25. From (24) and (26). One pair of No. 2 rolls, 36 X 14 inches, set i inch 
apart. By No. 4 bucket elevator to (26). 

26. One No. 9 trommel wiih 8.3-mm. round holes. Oversize to (25) ; under- 
size to (13). 

27. From (13). Two No. 6 jigs. 4-sieve Harz jigs. Discharges and 
hutches to (45) ; tailings to (29) or (38). 

28. From (14). One No. 7 jig. 4-sieve crank arm accelerated jig. Dis- 
charges and hutches to (45) ; tailings to (29). 

29. From (27) and (28). Four unwatering sieves with 1-mm. square holes. 
Oversize by four No. 2 Hendy feeders to (30) ; undersize to (44). 

30. Twenty gravity stamps arranged in four batteries, using a screen with 
1-mm. holes. By No. 5 bucket elevator to (16). 

31. From (15). One No. 8 jig. 5-sieve Harz jig. Discharges and hutches 
to (45) ; tailings to (38). 

32. From (16). One No. 1 unwatering box. Spigot to (33) ; overflow to (44). 

33. One No. 9 jig. 5-sieve Harz jig. Hutches to (45) ; tailings to (38). 

34. From (16). One No. 2 un watering box. Spigot to (35) ; overflow to (41). 

35. One No. 10 jig. 5-sievc Harz jig. Products like (33). 

36. Prom (16). One No. 3 unwatering box. Spigot to (37) ; overflow lo (41 ). 

37. One No. 11 jig. 5-siGve Harz jig. TIutehos to (45) ; tailings to (42). 

38. From (27), (31), (33), (35). One No. 4 unwatoring box. Spigot by 
No. 3 Hendy feeder to (39) ; overflow to (44). 

39. One 5-foot Huntington mill using a screen with 1-rain. square holes. To 
(42). 

40. From (18). A 3-deck slime table. Upper d<‘ek is concave revolving, rni(]dl(‘ 
is convex revolving and lower is convex stationary. The fec^d is divided into I wo 
parts going to the upper and lower decks. Hoads of upper deck to (41 ) ; jailing, 
to middle deck. Heads of middle dock to (41) ; middlings to lower d('ck ; jailing- 
to (44). Heads of lower deck to (41) ; middlings to (42) ; tailings lo (11). 

41. Three No. 1 settling tanks in series. Settlings s^hovcled out to ( 17) ; o\(M‘- 
flow to (44). 

42. From (17), (37), (39), (40). Nine 7-l)elt Woodbiirv vanners. Two 
treat stuff from (17) and (37), four treat stuff from (30) and throe treal sjuff 
from (40). Heads to (47); overflow of heads catch boxes to (43); tailings 
to (44). 

43. No. 2 settling tank. Settlings shoveled to (47) ; overflow to (44). 
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44. From (18), (29), (32), (34), (36), (38), (40), (41), (42), (43) an 
(46). Waste launder to mountain side. 

45. From (21), (22), (23), (27), (28), (31), (33), (35), (37). Bins fc 
concentrates. Discharged to cars and wheeled to shipping wagon. Overflow t 
(46). 

46. I^^o. 3 settling tank. Settlings by ear to (47) ; overflow to (44). 

47. From (41), (42), (43), (46). The concentrates go by cars and platfon 
elevator to a Cummer i^er and thence to store bins holding 60 tons. 

The mill is in duplicate, that is, two mills side by side, each complete in itsel 
and the above description is for one half. The mills can be run together c 
separately. 

The labor required is 23 men per 24 hours, divided into two shifts of 1 2 houi 
each: 1 foreman, 2 assistant foremen, 4 breaker men, 2 jig men, 2 slime tab! 
and vanner men, 6 pickers, 1 stamp man, 1 motor man, 2 men on dryer, 2 me 
sacking concentrates. Wages vary from $2.50 per shift for laborers to $3.50 o 
$4 for mechanics. Board costs $1 per day and coal $10 per ton. 

The power is derived from two Pelton wheels 5 and 6 feet in diameter, makin 
330 and 270 revolutions per minute and using deflecting nozzles l-J and 1 
inches in diameter. The supply pipes are 30 to 16 inches diameter, about 4,00 
feet long and have heads of 525 feet and 650 feet, respectively. The wheels ai 
rated at 500 and 600 horse power and run a direct current bi-polar 60-kilowa1 
d.ynamo with 850 volts. The transmission line to the mill is 1|- miles long c 
^NTo. 000 copper wire and drives 3 shunt motors. The upper motor uses 30 an 
peres with 820 volts and drives the breaker, Xo. 1 rolls, Xos. 1 to 8 trommeL 
Xos. 1 to 4 elevators, Xos. 1 to 3 jigs and pump. The middle motor uses 3 
amperes with 820 volts and runs Xo. 2 rolls, stamps, Xo. 9 trommel and Xo. 
elevator. The lower motor uses 35 amperes with 820 volts and runs the Hunting 
ton mill, the platform elevator, Xos. 4 to 11 jigs, the slime table and vanner 
The total horse power required is 110. 

The water for the mill is a part of the water coming from the mine tunn( 
by a flume 4 feet wide, 1 foot deep and sloping 5 inches in 100 feet. The wat6 
for Xos. 1 to 8 trommels has to be raised to a tank at the top of the mill by 
geared 3-plunger pump. The water after leaving the mill, together with tt 
balance from the tunnel, goes to run the power plant 14 miles away. 

The crude ore contain^ 20 to 30 ounces silver per ton and 0.2 ounce gold; tl 
concentrates contain 100 to 300 ounces siher and 0.4 to 1.0 ounce gold; tl 
tailings contain 4 ounces silver and a trace of gold per ton. 

One hundred tons of mine ore yield 25 tons of concentrates, of which toi 
come from the picking table, 1 ton from jigs Xo.^. 1 to 3, 3 tons from jigs Xo 
4 to 9, and 184 tons from jigs Xos. 10 and 11 and the fine concentrators. T1 
mill saves about 90% of the silver and gold in the ore. 

The preceding outline m the one referied to throiiirhout the book. The mi 
as thus arranged had certain defect^, however, chieli\ in the closeness of tl 
sizing, which (‘au>ed unnecessary '-creen^ and unnet e-sary sliming and wear, 
has been recently entirely rearranged according to the following scheme: 

Revenue Tunnel Mill ds now arranged. 

Capacity 175 to 275 tons per 24 hours. Ore is brought in cars holding 3,0( 
pounds to (1). 

1. Two stationary picking tables. Smelting ore to (2) ; residue to (3). 

2. Xo. 1 bins for picked ore. By car to (32). 

3. From (1). Two Xo. 2 bins. To (4). 

4. Xo. 1 grizzly. Oversize to (5) ; under-ize to (6). 
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5. Two Fo. 1 Blake breakers, 9 X 15 inches, crushing to 1 inch. To (6). 

6. Prom (4), (5), (8). One No. 1 bucket elevator, lifting 30 feet. To (7). 

7. One No. 1 trommel with 19.1-mm. round holes. Oversize to (8) ; under- 
size to (9). 

8. One pair of No. 1 rolls, 36 X 14 inches, set ^ inch apart. To (6). 

9. Prom (7) and (16). One No. 2 bucket elevator. To (10). 

10. One No. 2 trommel with 12.7-mm. round holes. Oversize to (15) ; under- 
size to (11). 

11. One No. 3 trommel with 6.4-mnL round holes. Oversize to (17) ; under- 
size to (12). 

12. One No. 4 trommel with 1.8-mm. square holes. Oversize to (18) ; under- 
size to (13). 

13. No. 1 hydraulic classifier. Spigots to (19) ; overflow to (14). 

14. No. 1 box classifier. A V-shaped ta^ 20 feet long and 7 feet deep. 
Spigots to (28) ; overflow to (31). 

15. Prom (10). Two No. 1 jigs. 1-sieve Harz jigs with 4.8-mm. round hole 
sieves. Discharges by car to (32) ; tailings to (16). 

16. One pair of No. 2 rolls, 36 X 14 inches. To (9). 

17. From (11). Pour No. 2 jigs. 2-sieve Harz jigs with 3.2-mm. round hole 
sieves. Discharges by ear to (32) ; tailings to (20). 

18. Prom (12). Four No. 3 jigs. 2-sieve Harz jigs with 3.2-mm. round 
hole sieves. Discharges and hutches hy car to (33) ; tailings to (20) or (24). 

19. Prom (13). Pour No. 4 jigs. 2-sieve Harz jigs with 3.2-mm. round 
hole sieves. Hutches to (33) ; tailings to (24). 

20. Prom (17), (18). Thirty gravity stamps arranged in six batteries, using 
a screen with 1.4-mm. square holes. By No. 3 bucket elevator to (21). 

21. No. 2 hydraulic classifier. Spigots to (23) ; overflow to (22). 

22. No. 2 box classifier. Spigots to (29) ; overflow to (34). 

23. From (21). Four No. 5 jigs. 2-sieve Harz jigs with 3.2-mm. round 
hole sieves. Hutches by car to (33) ; tailings to (24). 

24. From (18), (19) and (23). Two 5-foot Huntington mills using a home- 
made screen with 1-mm. slots costing $0.25 and lasting 8 to 12 days. By No. 4 
bucket elevator to (25). 

25. No. 3 hydraulic classifier. Spigots to (27) ; overflow to (26). 

26. No. 3 box classifier. Spigots to (30) ; overflow to (34). 

27. From (25). Six No. 6 jigs. 2-sieve Harz jigs with 2-mm. round hole 
bronze sieves. Hutches by car to (33); tailings to (34). 

28. Prom (14). Five No. 1 Wilfley tables. Heads by oar to (33) ; tailings 
to (34). 

29. From (22). Four No. 2 Wilfley tables. Products like (28). 

30. From (26). Three No. 3 Wilfley tables. Products like (28). 

31. Prom (14). Stationary canvas tables, 50 feet long, 4 Teet wide and slop- 
ing f inch per foot. Heads by car to (33) ; tailings to (34). 

32. Prom (2), (15) and (17). Bins for eoneontratos. To shipping wagon. 

33. From (18), (19), (23), (27), (28), (29), (30) and (31). Cummer 

drier. The dried concentrates are sacked and shipped to smcdtcT. 

34. From (22), (26), (27), (28), (29), (30), (31). Waste launder to creek. 

The mill is in duplicate and the above description is for oiK'-lialf only. The 

two halves can be run together or separately. 

The labor required is 59 to 65 men, divided into 2 shifts: 1 fonunan, 1 assayer, 
1 machinist, 1 blacksmith, 1 carpenter, 1 ore shipper, 4 trammers, 1 fireman, 
1 cook and 2 helpers work the day shift only; 2 feeders, 6 jig men, 2 stamp 
men, 2 Huntington mill men, 2 oilers, 4 table men, 2 general helper's, 24 to 30 



§ 685 SUMMARY OF PRINCIPLES AND OUTLINES OF MILLS. 


93 


pickers are divided so that half of them work each shift; 1 night watchma 
works only the night shift. 

There are 5 electric motors using 80, 50, 25, 15 and 4 amperes, respective!} 
with 800 volts. This is equal to 186 horse power. 

In comparing this new scheme with the old it will be seen that the new i 
simpler, using less steps and it has a greater capacity. The introduction o 
Wilfley tables and canvas tables in place of slime tables and vanners is a specia 
feature. 

§ 685. Mill No. 28. Smuggler Mixing Company, Aspln, Colorado.— 
Capacity 100 tons in 10 hours. The mill runs 10 hours per day, 7 days per week 
The ore consists of the economic minerals native silver, argentiferous galena 
pyrite, argentiferous barite, a little blende and smithsonite, and a gangue of blu< 
limestone and quartz. The minerals are in fine crystallization. The eountr 
rock is shale in the hanging wall and brown limestone in the foot wall. Thi 
problem is to save the silver and lead without the zinc. The ore comes ^ mib 
from the mine in open railroad cars and is shoveled to (1). 

1. Little tram cars running 125 feet to mill feed hopper from which the ore 
goes to (2). 

2. Shaking grizzly with IJ-inch spaces. Oversize to (3) ; undersize to (4). 

3. One No. 1 Dodge breaker, 9 X 15 inches, crushing to l| inches. To (4). 

There is a duplicate set consisting of feed hopper, grizzly, a 7 X 12-inch Blab 

breaker and a belt elevator to be used in ease of accident to the Dodge breaker. 

4. From (2) and (3). No. 1 bin holding 100 tons. By gate and chute 
tram ear and double platform elevator to (5). 

5. No. 1 feeder, similar to Tulloch feeder. To (6). 

6. One No. 1 trommel with 16, 25 and 40-mm. round holes. Over 40 mm 
to (7) ; through 40 on 25 to (19) ; through 25 on 16 to (20) ; through 16 mm 
to (10). 

7. From (6), (9), (19), (20). One pair of No. 1 rolls, 26X14 inches 
set inch apart. To No. 2 bin holding 7 tons and thence by gate and chute, 
car and platform elevator mentioned in (4) to (8). 

8. No. 2 feeder, similar to Tulloch feeder. To (9). 

9. One No. 2 trommel with 16-mm. round holes. Oversize to (7) ; undersiz{ 
to (10). 

10. From (6) and (9). One No. 3 trommel with 12-mm. round holes 
Oversize to (21) ; undersize to (11). 

11. One No. 4 trommel with 8-mm. round holes. Oversize to (22) ; under 
hize to (12). 

12. One No. 5 trommel with 5-mm. round holes. Oversize to (23); under 
hize to (13). 

13. One No. 6 trommel with 3. 5-mm. round holes. Oversize to (24) ; under 
size to (14). 

14. One No. 7 trommel with 2-mm. round holes. Oversize to (25) ; undei 
^ize to (15). 

15. From (14), (29) and (32). One No. 1 hydraulic classifier. A MeinecL 
classifier with 4 spigots. 1st spigot to (33) ; 2d to (35) ; 3d to (37) ; 4th tc 
(39) ; overflow to (16). 

16. Two No. 2 Indraulic classifiers,* Meinecke spitzlutlrn with 2 spigots each 
Spigots by No. 1 Frenier sand pump to (17) ; overllow to (18). 

17. One No. 1 surface current box classifier with 2 spigots. 1st spigot tc 
upper deck of (42) ; 2d spigot to lower deck of (42) ; overflow to (18). 

18. From (16) and (17). No. 1 whole current boy classifier vvdth 5 spigots 
Spigots by No. 2 Frenier sand pump to lower deck of (43) ; overflow to (50). 


* These are now thrown out, the stuff going sti aight to (17) 
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19. From (6). One No. 1 jig. 2-sieve crank arm accelerated jig fed at the 
middle partition, making practically two 1-sieve jigs. Discharges and hutches 
to (44) ; tailings to (7). 

20. From (6). Two No. 2 jigs, 1-sieve crank arm accelerated jigs. Products 
like (19). 

21. From (10). One No. 3 jig. 4-sieve crank arm accelerated jig. 1st and 
2d discharges to (44) ; 3d and 4th to (26) ; 1st and 2d hutches to (44) ; 3d and 
4th to (26) ; tailings to (50). 

22. From (11). One No. 4 jig. 4-sieve crank arm accelerated jig. Products 
like (21). 

23. Prom (12). One No. 5 jig. 4-sieve crank arm accelerated jig. Products 
like (21). 

24. Prom (13). One No. 6 jig. 4-sieve crank arm accelerated jig. 1st and 
2d discharges to (44) ; 3d and 4th by ear and platform elevator mentioned in 
(4) to (31) ; 1st and 2d hutches to (44) ; 3d and 4th by car and platform 
elevator mentioned in (4) to (31) ; tailings to (50). 

25. From (14). One No. 7 jig. 4-sieve crank arm accelerated jig. Products 
like (34). 

26. Prom (21), (22), (23) and (28). One pair of No. 2 rolls, 30 X 16 
inches, set close together. To No. 3 bin holding 10 tons, and thence by gate 
and chute, car and platform elevator mentioned in (4) to (27). 

27. No. 3 feeder, similar to Tulloch feeder. To (28). 

28. One No. 8 tromimel with 3J-mm. round holes. Oversize to (26) ; under- 
size to (29). 

29. Two No. 9 trommels with 2-mm. round holes. Oversize to (30) ; under- 
size to (15). 

30. One No. 8 jig. 4-sieve crank arm accelerated jig. Products like (24). 

31. Prom (24), (25), (30). No. 4 Hendy feeder. To (32). 

32. One 6-foot Huntin^on mill using a screen with 2-mm. round holes. To 
(15). 

33. From (15). One No. 1 unwatering box. Spigot to (34) ; overflow to 
(41). 

34. One No. 9 jig. 5-sieve crank arm accelerated jig. Hutches to (46) ; 
tailings to (50). 

35. From (15). One No. 2 unwatering box. Spigot to (36) ; overflow to 
(41). 

36. One No. 10 jig. 5-sieve crank arm accelerated jig. Products like (34). 

37. From (15). One No. 3 unwatering box. Spigot to (38) ; overflow to 
(41). 

38. One No. 11 jig. 5-sieve crank arm accelerated jig. IVodiu'ls like* (31). 

39. Prom (15). One No. 4 unwatering box. Spigot to (40) ; overflow to 

(41). 

40. One No. 12 jig. 5-sieve crank arm accelerated jig. Products like* (31). 

41. Prom (33), (35), (37), (39). Two No. 5 unvvat(*ring boxes. Settlings 

to lower deck of (43) ; overflow returned as hydraulic wat(*r for Jigs Nos. 9 to 
12 or to (50). 

42. From (17). One No. 1 table. A 2-deck revolving sliiru* table. Upper 

deck is concave and lower is convex. Heads of both d(*eks to ( 18) : middlings 

by No. 3 Prenier sand pump to upper deck of (43) ; tailings to (50). 

43. Prom (18), (41) and (42). One No. 2 table. A 2-dt‘ek revolving slime 
table. Upper deck is concave and lower is convex. Heads of both decks to 
(48) ; middlings by pump to upper deck; tailings to (50). 

44. Prom (19), (20), (21), (22), (23), (24), (25), (30). Bins for con- 
centrates. Concentrates shoveled out and go to (49) ; drainings to (45). 
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45. Three jSTo. 1 settling tanks. Settlings to (49) ; overflow to (50). 

46. Prom (34), (36), (38), (40). Bins for concentrates. Concentrates 
shoveled out and go to (49) ; drainings to (47). 

47. Two No. 2 settling tanks. Settlings to (49) ; overflow to (50). 

48. From (42) and (43). No. 3 settling tank. Settlings to (49); over- 
flow to (50). 

49. From (44), (45), (46), (47), (48). Cars and platform elevator to two 
dr}dng floors, each 25 X 12J feet. Dried concentrates shipped in railroad cars 
to smelter. 

50. From (18), (21), (22), (23), (24), (25), (30), (34), (36), (38), (40), 
(41), (42), (43), (45), (47), (48). Tailings launder, 125 feet long. To 
creek. 

The labor required per 10 hours is 15 or 16 men: 1 or 2 breaker men, 1 man 
on rolls, Huntington mill and trommels, 4 jig men, 1 table man, 8 others. 
Wages are $2.75 per day. Board costs $1 per day, coal $6 per ton, and wood 
$4 per cord. 

The power is furnished by a 90-kilowatt (110 horse power) electric motor. 
The motor is a 500-volt continuous current multipolar machine, shunt wound 
(for constant speed) with a speed controlling rheostat in the field circuit for 
varying the speed within a range of 30% without loss of power. The power is 
generated by water running Felton water wheels 1 mile distant. The mill uses 
from 40 to 80 horse power, average about 65. There is a steam boiler in the 
mill for the drying floor. 

The water comes from Eoaring Fork Eiver by a flume, 28 X 20 inches, 450 
feet long, and entering the mill under a head of 2 feet. The mill uses 1,500 
gallons per minute, but it could be run with 1,000 gallons. 

The ore from the mine contains 9J% lead* and 14.8 ounces silver per ton. 
The concentrates from jigs No. 1 to 8 contain 39.6% lead* and 25 ounces silver 
per ton; those from jigs No. 9 to 12 contain 27.9% lead* and 20 ounces silver. 
The tailings contain 0.2% lead* and 2 ounces silver per ton. The mall saves 
over 90% of the lead and silver. 

§ 686. Mill No. 29. Ute and TJlat, Lake City, Colorado. — Capacity 350 
tons in 24 hours. The mill runs 24 hours per day, 7 days per week. The ore 
consists of the economic minerals pmte, blende, chalcopyrite, tetrahedrite and 
argentiferous galena in coarse crystallization and a gangue of quartz. The 
problem is to save the silver and lead without the zinc. The mill is in two halves. 
One-half is here described. The ore from the mine is wheeled to (1). 

1. Eeceiving bin holding 30 tons. Shoveled to (2). 

2. One No. 1 Blake breaker, 8 X 10 inches, crushing to 17 mm. To (3). 

3. One pair of No. 1 rolls, 21 X 12 inches, set J inch apart. To (4). 

4. From (3) and (6). One No. 1 bucket elevator. To (5). 

5. One No. 1 trommel with 8-mm. round holes. Oversize to (6) ; undersize 
to (7). 

6. One pair of No. 2 rolls, 21 X 16 inches, set i inch apart. To (4). 

7. From (5) and (9). One No. 2 trommel with 6-mm. round holes. Over- 
size to (8) ; undersize to (10). 

8. One pair of No. 3 rolls, 21 X 16 inches, set close together. To (9). 

9. One No. 2 bucket elevator. To (7). 

10. From (7). One No. 3 trommel with 4-Tnm. round holes. Oversize to 
(15) ; undersize to (11). 

11. One No. 4 trommel with 3-mm. round holes. Oversize to (16) ; under- 
size to (12). 


* Probably assayed by fire. 
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12. One No. 5 trommel with 2^-mm. round holes. Oversize to (17) ; under- 
size to (13). 

13. One No. 1 hydraulic classifier with 2 spigots. 1st spigot to (18) ; 2d to 
(19) ; overfiow to (14). 

14. One No. 2 hydraulic classifier with 2 spigots. 1st spigot to (20) : 2d to 
(21) ; overfiow by distributor to (22). 

15. From (10). Two No. 1 jigs. 4-sieve Harz jigs. Discharges and hutches 
to (23) ; tailings to (24). 

16. From (11). Two No. 2 jigs. 4-sieve Harz jigs. Products like (15). 

17. From (12). Two No. 3 jigs. 4-sieve Harz jigs. Products like (15). 

18. From (13). One No. 4 jig. 4-sieve Harz jig. Products like (15). 

19. Prom (13). One No. 5 jig. 4-sieve Harz jig. Hutches to (23); tail- 
ings to (24). 

20. Prom (14). One No. 6 jig. 4-sieve Harz jig. Products like (19). 

21. Prom (14). One No. 7 jig. 4-sieve Harz jig. Products like (19). 

22. Prom U^)- Three convex revolving slimie tables. Heads to (23) ; mid- 
dlings pumped back to tables by centrifugal pump; tailings to (24). 

23. From (15), (16), (17), (18), (19), (20), (21), (22). A conical re- 
volving drier with a capacity of 30 to 40 tons in 24 hours. 

24. From (15), (16), (17), (18), (19), (20), (21), (22). Waste launder 
to creek. 

The labor required is 25 men per 24 hours divided into two shifts : 2 engineers, 
6 firemen, 6 crushermen, 6 jig men, 3 slime table men and 2 others. Wages 
range from $2.50 to $3 per day. Board costs $26 per month. 

The power is derived either from water or steam. The latter is used only 
when there is a scarcity of the former. The miill requires 80 horse power. 

The water is supplied by a flume. 

The crude ore contains about 6% lead and 4 ounces silver per ton; the con- 
centrates carry 60% lead, 19 ounces silver and 0.02 ounce gold per ton; the tail- 
ings carry 0.5% lead and 1 ounce silver per ton. One hundred tons of ore yield 
about 35 tons of concentrates. The mill saves about 60% of the silver and over 
90% of the lead. 

{g) COMPLEX JIGGIlSrG MILLS DRESSING ORES OF SILVER AND LEAD IN IDAHO AND 

IN EUROPE. 

§ 687. This group includes Mills 30 to 37 inclusive, the Himmolfahrt mill at 
Freiberg, and the mills at Laurenburg and Clausthal. Mills 30 to 37 crush by 
breakers and rolls, and wash bv screens, classifiers, jigs, and tables or vanners. 
Mills 30 and 31 send coarse middlings to auxiliary rolls, and then back into the 
system, but send fine middlings to auxiliary rolls, screens and jigs, and the fine 
undersize goes back into the svstem. Mills 32 and 35 send all middlings to 
auxiliary rolls, screens, classifiers and jigs, and the fine overflow of classifiers 
back into the system. The graded crushing of the middlings in Mill 32 appears 
to be very systematic. Mills 33, 34- and 36 send all middlings to anxiliarv rolls, 
and then back into the system. Mill 37 sends coarse middlings to auxiliary 
rolls and then back into the system, but it sends fine middlings to auxiliary rolls 
and Huntington mills, screens, classifiers and jigs, and the fine overflow of the 
classifiers back into the system. The middlings jigs make second middlings which 
go back into the middlings system. 

Mills 36 and 37 both illustrate the coupling together of two kinds of machines 
to get the best results. In the former mill the slime table heads are cleaned on 
a vanner, and in the latter the middlings of the slime tables are cleaned on Wilfley 
tables. 
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The three foreign mills are inserted here for comparison of European with 
American methods. They show a longer treatment involving the use of more 
labor, more crushing and recrushing of middlings and more rewashing of tailings 
in order to save every grain of mineral that can be saved economically. They 
are in marked contrast with the hustling American mills which seek to eliminate 
labor as far as passible. 

§ 688. Mill hTo. 30. Bunker Hill and Sullivan Mining and Concen- 
trating Company, Kellogg, Idaho. — Capacity 530 tons in 24 hours. The mill 
runs 24 hours per day, 7 days per week. The ore consists of the economic min- 
erals argentiferous galena and some pyrite, and a gangue of quartzite and siderite. 
The galena is sometimes in coarse lumps but usually it is finely disseminated 
through the gangue. The problem is to save the silver and lead without the 
zinc. The ore is hand picked in the mine into two classes : smelting ore to (1) ; 
concentrating ore by ears holding 3,000 pounds to (5). 

1. Chutes or store bins in the mine. By cars holding 3,400 pounds to (2). 

Rock House. 

2. One Ho. 1 grizzly with IJ-inch spaces. Oversize by chute and gate to (3) ; 
undersize to (4). 

3. A Blake breaker for smelting ore, 9X15 inches, crusliing to 24 inches. 
To (4). 

4. From (2) and (3). Ho. 1 bin. 25 feet long, 20 feet wide, and 20 feet 
deep, with flat bottom, holding 750 tons. By gates and chutes to (8). 

5. From the mine. Two Ho. 2 grizzlies with l:|-inch spaces. Oversize to (6) ; 
undersize to (7). 

6. Two breakers for concentrating ore. One is a Gates Ho. 4, and the other 
is a Blake 9 X 15 inches, both crushing to 2J inches. The latter is run only in 
case of emergency. To (7). 

7. From (5) and (6). Ho. 2 bin, 48 feet long, 20 feet wide and 20 feet deep, 
with flat bottom, holding 1,400 tons. By chutes and gates to (8). 

8. From (4) and (7). A Bleichert rope tramway with buckets 30 inches long, 
15 inches deep, 24 inches wide at the top, 16 inches wide at bottom, hoi diner about 
732 pounds of ore, and placed about 140 feet apart. The tramway is 1 ‘ miles 
long, and the round trip is made in 63 minutes. It delivers the shipping ore to 
(9) and the concentrating ore to (10). 

Mill 

9. Ho. 3 or shipping bin, 34 feet long, 7 feet vride, and 16 feet deep, with 
sloping bottom, holding 250 tons. To shipping car to go to smelter. 

10. From (8). Ho. 4 bin with flat bottom holding about 3,200 tons of ore. 
To (11). 

11. Eighteen picking chutes. Rich ore (about 24% of the total) to (12) ; 
residue to (13). 

12. Twelve Ho. 5 bins for picked ore. To shipping car to go to smelter. 

13. From (11). Two Ho. 1 pan conveyors with pans 234 inches wide at the 
top, 21 inches at the bottom, 14 inches long, with 2 inches lap, and 6 inches deep. 
Each, is driven by a sprocket chain at the rate of 60 feet per minute. The upper 
wheels are 10 inches diameter, 28 inches apart; the return wheels below are 15 
inches diameter. Total length is 85 feet. To (14). 

14. Two Ho. 2 pan conveyors like (13) eveept they slope up 40° or 10 inchas 
per foot, the pans are 8 inches deep with a 5-ineh wall at the back end, and the 
return wheels below are grooved. To (15). 
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15. Two Ifo. 6 bins bolding 30 tons each. By two sliding block feeders to 
(16). 

16. Two pairs of No. 1 rolls, 36 X 14 inches, set ^ inch apart. To (17). 

17. From (16), (19) and (31). Two No. 1 bucket elevators. To (18). 

18. Two No. 1 trommels. Sectional with 10, 15 and 25-mm. round holes. 
Over 35 mm. to (19) ; through 25 on 15 mmj. to (27) ; through 15 on 10 mm. 
to (28) ; through 10 mm. to (20). 

19. Two pairs of No. 3 rolls, 24 X 14 inches, set i inch apart. To (17). 

20. From (18). Four No. 2 trommels. Sectional with 3, 5 and 7-mm. round 
holes. Over 7 mm. to (29) ; through 7 on 5 mm. to (32) ; through 5 on 3 mm. 
to (33) ; through 3 mm. to (21). 

21. From (20) and (38). Four No. 1 hydraulic classifiers with 3 spigots 
each. 1st spigot to (34) ; 2d to (35) ; 3d to (36) ; overflow to (22).* 

22. Four No. 1 whole current box classifiers with 4 spigots each. 1st spigot 
to upper deck of (39) ; 2d to upper deck of (40) ; 3d to upper decks of (39) 
and (41) ; 4th to upper deck of (41) ; overflow to (23). 

23. One No. 1 distributing tank with 12 spigots. Spigots in pairs to (42) ; 
overflow to (24). 

24. One No. 2 whole current box classifier with 4 spigots. Spigots in pairs 

to (43) ; overflow to (25). ' 

25. One No. 3 whole current box classifier with 4 spigots. Spigots in pairs 
to (44) ; overflow to (26). 

26. Two No. 1 settling tanks used alternately. Settlings shoveled out and 
stored for future treatment; overflow to (49). 

27. From (18). Two No. 1 jigs. 3-sieve Harz jigs. 1st discharge to (45) ; 

2d and 3d to (30) ; 1st hutch to (45) ; 2d and 3d to (30) ; tailings to (48). ! 

28. From (18). Two No. 2 jigs. 3-sieve Harz jigs. Products like (27). 

29. From (20). Four No. 3 jigs. 3-sieve Harz jigs. Products like (27). 

30. From (27), (28) and (29). Two No. 2 bucket elevators. To (31). 

31. Two pairs of No. 3 rolls, 30 X 16 inches, set close together. To (17). 

32. From (20). Eight No. 4 jigs. 3-sieve Harz jigs. 1st discharge to 
(45) ; 2d to (46) ; 3d to (37) ; 1st hutch to (45) ; 2d to (46) ; 3d to (37) ; 
tailings to (48). 

33. From (20) and (38). Eight No. 5 jigs. 3-sieve Harz jigs. Products 
like (32). 

34. From (21). Eight No. 6 jigs. 3-sieve Harz jigs. 1st discharge to (45) ; 

2d not used; 3d to (37) ; 1st hutch to (45) ; 2d to (46) ; 3d to (37) ; tailings 

to (49). 

35. From (21). Four No. 7 jigs. 4-sieve Harz jigs. 1st hutch to (45) ; 
2d and 3d to (46) ; 4th to (37) ; tailings to (49). 

36. From (21). Four No. 8 jigs. 4-sievo Harz jigs. 1st and 2d hutches 
to (45) ; 3d to (46) : 4th to (37) ; tailings to (49). 

37. From (32), (33), (34), (35), (36) and (38). Two pairs of No. 4 
rolls. By two No. 3 bucket elevators to (38). 

38. Two No. 3 trommels. Sectional with 2^ and 5-mm. round holes. Over 

5 mm. to (37) ; through 5 on 2^ mm. to (33) ; through 2-J mm. to (21). 

39. From (22). One No. 1 convex revolving slime table with 2 docks. 

Heads of upper deck to (45) ; middlings to lower deck; tailings to (49) ; heads 

of lower deck to (46) ; middlings should be made to go to (24) but are not; 
tailings to (49). 

40. From (22). One No. 2 convex revolving slime table with 2 decks. 

Products like (39). 


Chang© made later See comments at the end of this mill. 
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41. From (22). One No. 3 convex revolving slime table with 2 decks. 
Products like (39). 

42. From (23). Nos. 1 to 6 vanners. 4-foot Frue vanners. Heads to (46) ; 
tailings to (49). 

43. From (24). Nos. 7 and 8 vanners. 4-foot Frue vanners. Products 
like (42). 

44. From (25). Nos. 9 and 10 vanners. 4-foot Frue vanners. Heads to 
(46) ; tailings to (49). 

45. From (27),p8), (29), (32), (33), (34), (35), (36), (39), (40), (41), 
(42), (43). bix No. 2 settling tanks holding 75 tons each, for first class con- 
centrates. Settlings shoveled out to car, sampled, weighed and wheeled to 
shipping car to go to smelter; overflow to (47). 

46. From (32), (33), (34), (35), (36), (39), (40), (41), (44). Six No. 3 
settling tanks holding 30 tons each, for second class concentrates. Products like 
(45). 

47. From (45) and (46). One No. 4 settling tank. Settlings shoveled out 
to car, sampled, weighed and wheeled to shipping car to go to smelter ; overflow 
to (49). 

48. From (27), (28), (29), (32), (33). Launder for coarse material to 
store heaps outside the mill. Kept for possible future value. 

49. From (26), (34), (35), (36), (39), (40), (41), (42), (43), (44), (47). 
Launder for fine material to creek. 

This mill, except for the fine concentration part is arranged in two indepen- 
dent halves. This includes paragraphs (11) to (22) inclusive and (27) to 
(38) inclusive. 

The labor required is 44 to 54 men, divided into 2 shifts of 12 hours each. 
The day shift has 1 foreman, 4 jig men, 1 table and vanner man, 1 man oiling 
machinery and looking after electric lights, 1 man on feeder and pan conveyors, 
1^ breaker men in rock house, i man heating mill in cold weather, man on 
flume, 1 mechanic making repairs and changes, 1^ carpenters, 1 helper and 
10 to 15 ore pickers. The night shift has 1 night boss, 4 jig men, 1 table and 
vanner man, 1 man oiling, 1 feeder, 1 breaker man, ^ man heating mill, 1 watch- 
man and 10 to 15 pickers. Wages vary from $2.50 to $4.50 per day. Board 
costs $6 per week; wood costs $2.80 per cord at the mill and $3.10 at the mine. 
Sampling and loading the concentrates is charged as shipping expense and 
amounts to 5.1 cents per ton of concentrates. 

Power for the rock house is furnished by a Pelton water wheel running under 
a head of 280 feet. Power at the mill is furnished by two Leffel turbine wheels, 
17^ inches in diameter, taking water from the flume under a head of 58 feet, 
and generating 76 horse power each. 

Water is supplied by a flume 7 feet 9 inches wide, 5 feet deep, If miles long, 
with a grade of f inch in 16 feet. It is necessary to elevate the water for the 
trommels to a store tank at the top of the mill holding 1,500 gallons, by 2 
centrifugal pumps with 4-inch discharge pipes, and making 450 revolutions per 
minute. 

Assays are as follows: 



Lead. 

Silver 
Per Ton. 

Iron 

(Fe) 

Manganese 

(Mn) 

Silica 

(S 1 O 2 ). 

Smelting ore from the mine 

Concentrating ore from the mine 

Picked ore from (12) 

Fir st class concentrates from (45') 

Second class concentrates from (46) 

( 48 ) 

% 

40-48 

9-14 

4b 

65 

40 

1.96 

3.55 

1 

18.0 

Ounces, 

16-25 

4-7 

22 

28 

16 

1.03 

1.84 

9.0 

% 

14-16 

24-27 

20 

12 

2S 

28 

34 

% 

2-8 

% 

7-9 

23-26 

5 

2 

3 

84 

21 

Fitia , 


Slimes from No. 1 settling tank (26), small in 
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The mine yields per day of 24 hours 5 to 10 tons of smelting ore and 450 to 
500 tons of concentrating ore. One hundred tons of concentrating ore in the mill 
yield 0 to 3 tons of hand picked smelting ore, 9 to 12 tons of first class con- 
centrates, and 3 to 4 tons of second class concentrates, and 81 to 88 tons of 
tailings. The mill saves 76% of the lead and 72% of the silver. 

After the author^s visit a change was made in this mill which resulted in an 
increased saving. The overflows of the four No. 1 hydraulic classifiers (21) 
were all sent to fifteen convex revolving slime tables, and these tables make 
heads to smelter, tailings to waste and middlings to a box classifier sending 
spigots to ten 4-foot Frue vanners and overflow to waste. The vanners yield 
heads to smelter and tailings to waste. The stuff fed to the tables contains 10% 
lead, the table heads 34%, tailings 5%, and middlings (fed to vanner) 8% 
lead. The vanner heads contain 50% lead, tailings 4%, and the overdow of 
the box classifier 10.6% lead, but is small in amount. The total table heads 
amounts to 10 tons per 24 hours, and the vanner heads amount to 2 tons. 

Recently the old mill has been blown up and a new mill built, using practically 
the same scheme as in the old. Four 5-foot Huntingtons have been installed 
to help the rolls in grinding middlings, and there are now eight 3 -deck slime 
tables and twenty-one Frue vanners. The capacity is stated to be 1,000 tons 
per 24 hours.®®® 

§ 689. Mill No. 31. Gem Mill or the Milwaukee Mustino Company, 
Gem, Idaho. — Capacity 200 tons in 24 hours. The mill runs 24 hours per 
day, 7 days per week. The ore consists of the economic minerals argentiferous 
galena and blende and a gangue of quartz. The problem is to save the silver 
and lead without the zinc. The ore from the upper and middle tunnels of the 
mine is held in a bin holding 100 tons, and thence lowered by an incline to (1) ; 
the ore from the lower tunnel is hauled in cars by horses to (1). 

1. Mill bin holding 60 tons. By gate to (2). 

2. Picking chute. Rich smelting ore (1.6% of total) to bin to be shipped to 
smelter; residue to (3). 

3. One No. 1 Blake breaker, 7 X 10 inches, crushing to inches. To (4). 

4. One pair of No. 1 rolls, 36 X 18 inches, set ^ inch apart. To (5). 

5. From (4) and (21). One No. 1 bucket elevator. To (6). 

6. One No. 1 trommel. Sectional and concentric with 9, 15 and 18-mm. round 
holes. Over 18 mm. to (13) ; through 18 on 15 to (14) ; through 15 on 9 to 
(15) ; through 9 mm. to (7). 

7. One No. 2 trommel. Sectional and concentric with 4- and 6-mm round 
holes. Over 6 mm. to (16) ; through 6 on 4 mm. to (17) ; through 4 rnm. to (8). 

8. One No. 1 surface current box classifier with 3 spigots. 1st spigot to 
(18) ; 2d to (19) ; 3d to (20) ; overflow to (9). 

9. From (8) and (24). One No. 2 surface current box classificT with 5 
spigots. Spigots to both decks of (28) ; overflow to (10). 

10. One No. 3 surface current box classifier with 5 spigots. Spigots to both 
decks of (28) ; overflow to (11). 

11. One No. 1 whole current box classifier with 4 spigots. Spigots to (29) ; 
overflow to (12). 

12. One No. 2 whole current box classifier with 4 spigots. Spigots to (29) ; 
overflow to (30). 

13. From (6). Two No. 1 jigs. 2-sieve sliding block aocel(*rat<‘d jigs. 1st 
discharge to (31) ; 2d to (21) ; 1st hutch to (31) ; 2d to (21) ; tailings to (31). 

14. From (6). Two No. 2 jigs. 2-sieve Harz jigs. Products like (13). 

15. From (6). Two No. 3 jigs. 2-siovo Harz jigs. Products like (13). 

16. From (7). One No. 4 jig. 4-sieve Harz jig. 1st and 2d discharges to 
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(31) ; 3d and 4th to (21) ; 1st and 2d hutches to (31) ; 3d and 4th to (21) ; 
tailings to (34). 

17. From (7). One No. 5 jig. 4-sieve Harz jig. Product? like (16). 

18. From (8). One No. 6 jig. 4-sieve Harz jig. 1st and 2d discharges 

to (31) ; 3d and 4th to (22) ; 1st and 2d hutches to (31) ; 3d and 4th ta (22) ; 
tailings to (34). 

19. From (8). One No. 7 jig. 4-sieve Harz jig. 1st discharge to (31); 

1st and 2d hutches to (31) ; 3d and 4th hutches to (22) ; tailings to (34) . 

20. From (8). One No. 8 jig. 4-sieve Harz jig. 1st and 2d hutches to 

(31) ; 3d and 4th to (22) ; tailings to (34). 

21. From (13), (14), (15), (16), (17). One pair of No. 2 rolls, 24X12 
inches, set i inch apart. To (5). 

22. From (18), (19), (20), (23), (25), (26), (27). One pair of No. 3 
rolls, 24 X 12 inches, set close together. By No. 2 elevator to (23). 

23. One No. 3 trommel with 2^-mm. round holes. Oversize to (22) ; under- 
size to (24). 

24. One No. 4 surface current box classifier with 3 spigots. 1st spigot to 
(25) ; 2d to (26) ; 3d to (27) ; overflow to (9). 

25. One No. 9 jig. 4-sieve Harz jig. 1st and 2d discharges to (31) ; 3d 
and 4th to (22) ; 1st and 2d hutches to (31) ; 3d and 4th to (22) ; tailings 
to (34). 

26. From (24). One No. 10 jig. 4-sieve Harz jig. 1st and 2d hutches, 
to (31) ; 3d and 4th to (22) ; tailings to (34). 

27. From (24). One No. 11 jig. 4-sieve Harz jig. Products like (26). 

28. From (9) and (10). No. 1 slime table. A 2-deek convex revolving slime 
table. Heads of upper deck to (31) ; middlings to lower deck; tailings to (34). 
Heads of lower deck to (31) ; middlings to (30) ; tailings to (34). 

29. From (11) and (12). No. 2 slime table A 2-deck convex revolving 
slime table. Products like (28). 

30. From (12), (28) and (29). Four 4-foot Frue vanners. Heads to' (31) ; 
tailings to (34). 

31. From (13), (14), (15), (16), (17), (18), (19), (20), (25), (26), 

(27) , (28), (29), (30). No. 3 bucket elevator for concentrates. To (32). 

32. Three No. 1 settling tanks. While one is filling, one is draining and 
one is being emptied. Settlings shipped to smelter; overflow to (33) 

33. One No. 2 settling tank. Settlings shipped to smelter; overflow to (34). 

34. From (13), (14), (15), (16), (17), (18), (19). (20), (25), (26), (27), 

(28) , (29), (30), (33). Tailings launder, 200 feet long, to creek. 

The labor required is 15 men per 24 hours divided into two shifts: 3 engineers, 
2 firemen, 1 foreman, 2 men at rock breaker, 4 jig men. 2 vanner men. 1 other 
man. Wages vary from $3 to $5 per day. Board costs $30 per month, and 
wood is $3.70 per cord. 

The power is derived from 3 fire tube boilers 16 feet long, 72 inch<^s diameter, 
one with 72 tubes and two with 56 tube*:! all 4 inches diameter, running under 
a prcvsciire of 90 pounds per square inch, and consuming 10 cords of wood per 
24 hours; and a Buckeye engine with cylinder 10 X 18 inches, making 150 revo- 
lutions per minute, cutting off at I stroke and developing 75 indicated horse 
power. 

The water is derived from a flume 3 feet wide and 4 feet deep with a grad(‘ 
of ^ inch in 100 feet, bringing water 1,700 feet from the creek A pump with 
cylinder 10 X 10 inches, making 40 revolutions per minute, lifts water 12 feet 
to a store tank. 

The ore contains 10 to 13% lead and 54 to 7 ounces silver per ton. The con- 
centrates contain 62 to 65% lead and 32 to 36 ounces silver. The tailings con- 
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tain 1 to lead and 1-^ to 2 ounces silver per ton. One hundred tons of ore 
yield 1.7 tons of smelting ore picked out by hand, and 16 tons of concentrates 
and 82 tons of tailings. The mill saves about 90% of the lead and about 80% of 
the silver. 

§ 690. Mill ISTo. 32. Helena and Frisco Mining Company, Gem, Idaho. 
— ^Capacity 600 tons in 24 hours. The mill runs 24 hours per day, 7 days per 
week. The ore is of two kinds : {a) the upper oxidized ore from near the sur- 
face, containing the economic minerals cerrusite and pyromorphite and a gangue 
of quartz and iron oxide; (fe) sulphide ore from below containing the economic 
minerals argentiferous galena, pyrite, chalcopyrite and blende and a gangue of 
quartz. The galena is more or less finely disseminated. The problem is to save 
the lead and silver without the zinc. Both kinds of ore are treated together. 
The ore is brought in cars to (1). 

1. No. 1 or receiving bin holding 1,600 tons. By gates and chutes to (2). 

2. Two No. 1 grizzlies with IJ-inch spaces. Oversize to (3) ; undersize to ^4). 

3. Two No. 1 Blake breakers, 9 X 15 inches, crushing to 1^ inches. To (4). 

4. From (2) and (3). One No. 2 bin with hopper bottom, holding 25 tons. 
By Tulloch feeder to (5). 

5. One pair of No. 1 rolls, 31 X 16 inches, set ^ inch apart. To (6). 

6. Two No. 1 trommels. Sectional with 8 and 12-mm. round holes. Over 
12 mm. to (10) ; through 12 on 8 to (11) ; through 8 mm. to (7). 

7. From (6) and (17). One No. 2 trommel. Sectional with 3- and 6-mm. 
round holes. Over 6 mm. to (12) ; through 6 on 3 mm. to (13) ; through 3 mm. 
to (8). 

8. One No. 1 hydraulic classifier with 5 spigots. Spigots are distributed to 
(14), (15) and (16) ; overflow to (9). 

9. From (8) and (23). No. 1 whole current box classifier. Spigots to upper 
and middle decks of (27) ; overflow to (31). 

10. From (6). One No. 1 jig. 2-sieve Harz jig. 1st discharge to (30) ; 
2d to (18) ; 1st and 2d hutches to (18) ; tailings (only water and chips) to (31). 

11. From (6). Four No. 2 jigs. 4-sieve Harz jigs. 1st and 2d discharges 
to (30) ; 3d and 4th to (17) ; all 4 hutches to (30) ; tailings to (17). 

12. From (7). Two No. 3 jigs. 4-sieve Harz jigs. 1st and 2d discharges 
to (30) ; 3d and 4th to (19) ; 1st and 2d hutches to (30) ; 3d and 4th to (19) ; 
tailings to (31). 

13. From (7). Four No. 4 jigs. 4-sicve Harz jigs. Products like (12). 

14. From (8). Two No. 5 jigs. 4-sieve Harz jigs. 4th discharge to (19) ; 
1st and 2d hutches to (30) ; 3d and 4th to (19) ; tailings to (31). 

15. From (8). One No. 6 jig. 4-sieve Harz jig. Products like (14). 

16. From (8). One No. 7 jig. 4-sieve Harz jig. 1st and 2d hutches to 
(30) ; 3d and 4th to (19) ; tailings to (31). 

17. From (11). One No. 3 tromonel with 5-nim. round holes. Oversize to 
'(18); undersize to (7). 

18. From (10) and (17). One pair of No. 2 rolls, 22 X 14 irudies. set close 
together. To (19). 

19. From (12), ri3), (14), (15), (16), (18), (21), (22), (24), (25), (26). 
One No. 1 bucket elevator. To (20). 

20. One No. 4 trommel. Sectional with 2- and 5-niTn. round hoh's. Over 
5 mm. to (21) ; through 5 on 2 mm. to (22) ; through 2 mm. to (23). 

21. One pair of No. 3 rolls, 22 X 14 inches, set close together. To (19). 

22. From (20). One pair of No. 4 rolls, 22 X 10 inches, set close together. 
To (19). 

23. From (20). One No. 2 hydraulic classifier with 5 spigots. Spigots dis- 
tributed to (24), (25) and (26) ; overflow to (9). 
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24. Three ISTo. 8 jigs. 4-sieve Harz jigs. 4th discharge to (19) ; 1st and 2d 
hutches to (30) ; 3d and 4th to (19) ; tailings to (31). 

25. From (23). One No. 9 jig. 4-sieve Harz jig. Products like (24). 

26. From (23). One No. 10 jig. 1st and 2d hutches to (30) ; 3d and 4th 
to (19) ; tailings to (31). 

27. From (9). Three 3-deck convex revolving slime tables. Heads of upper 
decks to (30); middlings to lower deck; tailings to (31). Heads of middle 
decks to (30) ; middlings to lower deck; tailings to (31). Heads of lower decks 
to (30) ; midiings to (28) ; tailings to (31). 

28. One No. 2 whole current box classifier with 16 spigots. 1st to 5th spigots 
to No. 1 vanner (29) ; 6th to 10th to No. 2 vanner (29) ; 11th to 13th to No. 3 
vanner (29) ; 14th to 16th to No. 4 vanner (29) ; overfiow to (31). 

29. Nos. 1 to 4 vanners. No. 1 and No. 2 are 6-foot Fnie vanners. No. 3 
and No. 4 are 4-foot Frue vanners. Heads to (30) ; tailings to (31). 

30. From (10), (11), (12), (13), (14), (15), (16), (24), (25), (26), (27), 
(29). Concentrates bin holding 50 tons. To shipping car to go to smelter. 

31. From (9), (10), (12), (13), (14), (15), (16), (24), (25), (26), (27), 
(28), (29). Tailings launder to creek. 

The labor required is 13 men per 24 hours divided into 2 shifts: 2 foremen, 

2 breaker men, 1 rolls man, 4 jig men, 2 table and vanner men, 2 ore loaders. 
Wages range from $3 to $5 per day. Board costs $1 per day, coal $5 per ton, 
and wood $3.50 per cord. 

The mill is run by water power, requiring 173 horse power. 

Water is brought from a creek by a flume 3X3 feet, with a fall of 1 inch in 
100 feet. 

The mill has been recently improved by changing the sieve scale somewhat, in- 
creasing the number of jigs and vanners and rearranging some of the machines. 
The present scheme is as follows: 

Helena and Frisco Mining Oompany*s Rearranged Mill}’^^ 

Capacity 600 tons in 24 hours. The ore comes from the mine in cars which 
are weighed and dumped into (1). 

1. No. 1 bin holding 60 car loads. To (2). 

2. Two grizzlies. Oversize, from which wood, spikes, broken hammers, candle 
hooks, etc., are picked out by hand, to (3) ; undersize to (4). 

3. Two No. 1 Blake breakers, one 10 X 20 inches, the other 10 X 15 inches 
used for emergency, crushing to 1 or IJ inches. To (4). 

4. From (2) and (3). No. 2 bin. By Tulloch feeder to (5). 

5. One pair of No. 1 rolls, 30 X 15 inches, set J inch apart. To (6). 

6. From (5) and (17). One No. 1 trommel. Sectional with 10- and 15-mm. 
round holes. Over 15 mm. to (12) ; through 15 on 10 mm. to (13) ; through 
10 mm. to (7). 

7. Two No. 2 trommels. Sectional with 3, 5 and 7-mm. round holes. Over 
7 mm. to (14) ; through 7 on 5 mm. to (15) ; through 5 on 3 mm. to (8) ; through 

3 mm. to (8). 

8. One No. 1 hydraulic classifier with 5 spigots. 1st spigot to (18) ; 2d to 
(19) ; 3d to (20) ; 4th to (21) ; 51h to (22) ; overflow to (9). 

9. From (8), (29) and (35). One No. 1 box classifier. Three tanks, one 
above another. Upper tank is fed from (8) and (29) ; middle tank is fed with 
half of the spigots of the upper tank; the lower tank is fed from (35). Spigots 
of upper tank go half to upper decks of (35) and half to middle tank; overflow 
to (10). Spigots of middle tank to middle decks of (35); overflow, none. 
Spigots of lower tank to lower decks of (35) ; overflow, none. 
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10. One N'o. 2 box classifier in two parts. Earlier spigots to (37) ; later 
spigots to (11) ; overflow to (42). 

11. From (10) and (37). One ITo. 3 box classifier. Spigots to (38) ; over- 
flow to (42). 

12. From (6). One No. 1 jig. A 3-sieve Harz jig. Heads to (16) ; tailings 
to (42). 

13. From (6). Four No. 2 jigs. 4-sieve Harz jigs. 1st and 2d discharges 
to (39) ; 3d and 4th to (16) ; all 4 hutches to (16) ; tailings to (42). 

14. From (7). Two No. 3 jigs. 4-sieve Harz jigs. Products like (13). 

15. From (7). Two No. 4 jigs. 4-siefve Harz jigs. 1st and 2d discharges 

to (39) ; 3d and 4th to (16) ; 1st and 2d hutches to (39) ; 3d and 4th to (16) ; 
tailings to (42). 

16. From (12), (13), (14), (15). One No. 1 bucket elevator. To (17). 
Overflow of elevator well to (41). 

17. One pair of No. 2 rolls, 36 X 14 inches. To (6). 

18. From (8). Two No. 5 jigs. 4-sieve Harz jigs. 1st and 2d discharges 
to (39) ; 3d and 4th to (23) ; 1st and 2d hutches to (39) ; 3d and 4th to (23) ; 
tailings to (42). 

19. Prom (8). Two No. 6 jigs. 4-sieve Harz jigs. 3d and 4th discharges 

to (23) ; 1st and 2d hutches to (39) ; 3d and 4th to (23) ; tailings to (42). 

20. From (8). Two No. 7 jigs. 4-sieve Harz jigs. 4th discharge to (23) ; 

1st and 2d hutches to (39) ; 3d and 4th to (23) ; tailings to (42). 

21. From (8). One No. 8 jig. 4-sieve Harz jig. Products ]ike (20). 

22. From (8). One No. 9 jig. 4-siefve Harz jig. 1st and 2d hutches to 
(39) ; 3d and 4th to (23) ; tailings to (42). 

23. From (18), (19), (20), (21), (22), (30), (31), (32), (33), (34). No. 

1 unwatering box. Spigot to (25); overflow to (24). 

24. No. ] settling tank with 4 spigots. Spigots to (25) ; overflow to (41). 

25. From (23) and (24). One No. 2 bucket elevator. By distributor to (26). 

26. Two pairs of No. 3 rolls, 30 X 14 inches. To (27). 

27. From (26) and (28). One No. 3 trommel with 3-mm. round holes. 
Oversize by No. 3 bucket elevator to (28) ; undersize to (29). 

28. One pair of No. 4 rolls, 24 X 14 inches. To (27). 

29. From (27). Two No. 2 hydraulic classifiers with 5 spigots each. 1st 

spigot to (30) ; 2d to (31) ; 3d to (32) ; 4th to (33) ; 5th to (34) ; overflow 

to (9). 

30. Two No. 10 jigs. 4-pieve Harz jigs. 4th discharge to (23) ; 1st, 2d, 
3d and 4th hutches to (39) ; 4th hutch to (23) ; tailings (water only) to (42). 

31. From (29). Two No. 11 jigs, 4-sieve Harz jigs. Piodiiets like (30). 

32. From (29). Two No. 12 jigs. 4-sieve Harz jigs, ^th discharge to (23) ; 

1st and 2d hutches to (39) ; 3d and 4th to (23) ; tailings (water only) to (42). 

33. From (29). One No. 13 jig. 4-sievo Harz jig. Produds like (32). 

34. From (29). One No. 14 jig. 4-sieve Harz jig. Products like (32). 

35. From (9). Three 3-deck convex revolving slirne tables. Heads of iipp(‘r 
and middle decks to (40) ; middlings to (9) ; tailings to (12). Heads of lower 
deck to (40) ; middlings by No. 4 bucket elevator to (36) ; tailings to (42). 

36. One No. 4 box classifier. Spigots to (37) ; overflow lo (42). 

37. From (10) and (36). Ten O-foot Fnie vann(‘rs. Five treat stuff from 
(10) and five from (36). Heads to (40) ; tailings to (11). 

38. From (11). Four 6-foot and one 4-foot Frue vanners. Heads wheeled 
to concentrates pile to be shipped to smelter; tailings to (42). 

39. From (13), (14), (15), (18), (19), (20), (21), (22), (30), (3n, (32), 
(33), (34). Two No. 2 settling tanks for jig concentrates, used alternately. 
Settlings to shipping oar to go to smelter; overflow to (41). 
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40. Prom (35), (37). Two Ifo. 3 settling tanks, for table and vanner con- 
centrates, used alternately. Products like (39). 

41. Prom (16), (24), (39) and (40). Xo. 4 settling tank. Settlings to 
concentrates pile to be shipped to smelter; overflow to (42). 

42. From (10), (11), (12), (13), (14). (15), (18), (19), (20), (21), (22), 
(30), (31), (32), (33), (34), (35), (36), (38), (41). Tailings launder to 
waste. 


The power is furnished by two Pelton wheels and a turbine using water from 
a 6-ineh pipe. One Pelton wheel drives the breakers, No. 1 and No. 2 rolls. 
No. 1 and No. 2 trommels, No. 1 elevator and Nos. 1 to 4 jigs; the other Pelton 
drives the fine jigging portion including Nos. 8 to 14 jigs; the turbine drives the 
vanners and tables. A steam engine is used to help when water is low from Sep- 
tember to March. 


The vanner concentrates contain 50 to 60% lead, the vanner tailings contain 
about 1|% lead. 

It is intended to install 3 Huntington mills for regrinding the fine jig mid- 
dlings. They are also experimenting on Hallett tables in the place of the slime 
tables. In some other mills of this district, Wilfley tables are used between the 
slimue tables and vanners. In this miU, however, Wilfle}’s have been tried and 
discarded, it having been found preferable to use more vanners. 

§ 691. Mill No. 33. Last Chance Mill, Waudner, Idaho. — Capacity 75 
tons per 24 hours. The mill runs 24 hours per day, 7 days per week. The 
ore consists of the economic mineral argentiferous galena in coarse and fine 
crystallization, and a gangue of quartz. The problem is to save the silver and 
lead. The ore comes down a gravity incline to (1). 

1. Eeceiving bin, holding 100 tons. By gate and chute to (2). 

2. One No. 1 Blake breaker, 7 X 11 inches. To (3). 

' 3. From (2) and (4). One pair of No, 1 rolls, 30 X 16 inches. By No. 1 
bucket elevator to (4). 

4. One No. 1 trommel. Sectional with 7.9 and 12.7-mm. round holes. Over 


12.7 mm. to (3) ; through 12.7 on 7.9 mm. to (10) ; through 7.9 mm. to (5). 

5. From (4) and (15). One No. 2 trommel. Sectional with 3.3 and 5.1-mm. 
round holes. Over 5.1 mm. to (11); through 5.1 on 3.3 to (12); through 
3.3 mm. to (6). 

6. Two No. 1 hydraulic classifiers with 3 spigots each. 1st spigots to (13) ; 
2d spigots to (14) ; 3d spigots not used; overflow to (7). 

7. One No. 1 surface current box classifier with 6 spigots. 1st spigot to (9) : 
other spigots not used; overflow to (8). 

8. One No. 2 surface current box classifier with 8 spigots. Three spigots to 
(9) ; five spigots not used; overflow to (18). 

9. From (7) and (8). One No. 1 distributing tank with 2 spigots. Spigots 
to upper decks of (16). 

10. From (4). One No. 1 jig. A S-sieve Harz jig. 1st and 2d discharges 
to (17) ; 3d to (15) ; 1st and 2d hutches to (17) ; 3d to (15) : tailings to (18). 

11. From (5). TVo No. 2 jigs. 3-sieve Harz jigs. Products like (lOL 

12. From (5). Two No. 3 jigs. 3-sicve Harz jigs. Products like (10). 

13. From (6). Two No. 4 jigs. 4-sieve Harz jigs. 1st and 2d discharges 

to (17) ; 3d not used; 4th to (15) ; 1st and 2d hutches to (17) ; 3d and 4th to 
(15) ; iailings to (18). 

14. From (6). Two No. 5 jigs. 4-sieve Harz jigs. 1st and 2d hutches to 

(17) ; 3d and 4th to (15) ; tailings to (18). 

15. From (10), (11), (12), HS), (14). One pair of No. 2 rolls, 20X10 
inches, set close together. By No. 2 bucket elevator to (5). 

16. From (9). Two 2-deck convex revolving slime tables, only one used. 
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Heaids of upper deck to lower deck; tailings to (18). Heads of lower deck to 
(17) ; tailings to (18). • 

17. From (10), (11), (12), (13), (14), (16). Concentrates are wheeled to 
concentrates bins and thence shipped to smelter. 

18. From (8), (10), (11), (12), (13), (14), (16). Tailings launder to 
waste. 

The mill saves about 75 or 80% of the lead and silver in the ore. 

§ 692. Mill No. 34. Moening Miiting Company, Mullan, Idaho. — (See 
Figs. 515a and 5156.) — Capacity 300 tons in 24 hours. The mill runs 24 hours 
per day, 7 days per week. The ore consists of the economic minerals argentif- 
erous galena mostly finely disseminated, pyrite and blende and a gangue of mas- 
sive siderite with some quartz. The problem is to save the silver and lead with- 
out the zinc. The ore is brought by a mine tramway 1,800 feet in cars holding 
2J to 3 tons, and then by railroad 3 miles in cars holding 10 tons to (1). 

1. No. 1 or receiving bin holding 1,000 tons. By gates and chutes to tram car 
holding 1-J tons, and thence 150 feet to (2). 

2. Two grizzlies with IJ-inch spaces. Oversize to (3) ; undersize to (4). 

3. Two No. 1 breakers, Gates No. 3, crushing to 1^ inches. To (4). 

4. From (2) and (3). Two No. 2 bins holding 300 tons each. By two Tul- 
loch feeders to (5). 

5. Two pairs of No. 1 rolls, 30 X 14 inches. To (6). 

6. From (5) and (8). Two No. 1 bucket elevators. To (7). 

7. Two No. 1 trommels with 15-mm. round holes. Oversize to (8) ; under- 
size to (9). 

8. From (7) and (23). Two pairs of No. 2 rolls, 30 X 14 inches. To (6). 

9. From (7). Two No. 2 trommels. Each sectional with 11 and 13-mm. 
round holes. Over 13 mm. to (14) ; through 13 on 11 mm. to (15) ; through 
11 mm. to (10). 

10. Two No. 3 trommels. Each sectional with 7 and 9-mm. round holes. 
Over 9 mtm. to (16) ; through 9 on 7 mm. to (17) ; through 7 mm. to (11). 

11. Two No. 4 trommels. Each sectional with 3 and 5-mm. round holes. Over 
5 mm. to (18) ; through 5 on 3 mm. to (19) ; through 3 mm. to (12). 

12. From (11) and (25). Four No. 1 hydraulic classifiers with 5 spigots 
each. 1st spigot to (20) ; 2d and 3d to (21) ; 4th and 5th to (22) ; overflow 
to (13). 

13. One No. 1 distributing tank with 36 spigots. Nine spigots to each of the 
four upper decks of (27) ; overflow to (32). 

14. From (9). Four No. 1 jigs. 3-sieve Harz jigs. 1st and 2d discharges 
to (30) ; 3d to (23) ; hutches to (23) ; tailings to (32). 

15. From (9). Four No. 2 jigs. 3-sicve Harz jigs. Products like (14). 

16. From (10). Four No. 3 jigs. 3-sieve Harz jigs. 1st and 2d discharges 
to (30); 3d to (24); hutches to (24); tailings to (32). 

17. From (10). Four No. 4 jigs. 3-sieve Harz jigs. Products like (16). 

18. From (11)- Two No. 5 jigs. 4-sieve Harz jigs. 1st, 2d and 3d dis- 

charges to (30) ; 4th to (24) ; hutches to (24) ; tailings to (32). 

19. From (11). Two No. 6 jigs. 4-sieve Harz jigs. 1st, 2d and 3d dis- 

charges to (30) ; 4th to (24) ; 1st, 2d and 3d hutches to (30) ; 4th to (24) ; 
tailings to (32). 

20. From (12). Four No. 7 jigs. 4-sieve Harz jigs. Products like (19). 

21. Prom (12). Four No. 8 jigs. 4-sieve Harz ]igs. Products like (19). 

22. From (12). Four No. 9 jigs. 4-sieve Harz 'jigs. Products like (19). 

23. From (14) and (15). Two No. 2 bucket elevators. To (8). 

24. From (16), (17), (18), (19), (20), (21), (22), (26). Two No. 3 
bucket elevators. To (25). 
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25. Two iTo. 5 trommels with 3-nmi. round holes. Oversize to (26) : under- 
size to (12). ^ ' 

26. Two pairs of No. 3 rolls, 30 X 14 inches. To (24). 

27. From (13). Four 2-deck convex revolving slime tables. Heads of upper 
decks to (30) ; middlings to lower decks; tailings to (32). Heads of lower 
decks to (30) ; middlings to (28) ; tailings to (32). 

28. One No. 2 distributing tank with 40 spigots. Spigots to (29) ; overflow 
to (32). 


39. Seven 4-foot Fnie vanners. Heads to (30) ; tailings to (33). 

30. From (14), (15), (16), (17), (18), (19), (20), (31), (33), (27), (29). 
Ten No. 1 settling tanks for concentrates, holding 150 tons total. Settlings 
wheeled to railroad cars to go to smelterr; overflow to (31). 

31. One No. 2 settling tank. Settlings wheeled to railroad cars to go to 
smelter; overflow to (32). 

(17)> (18), (19), (30), (31), (33), (37), 
(28), (29), (31). Waste launder to creek. 

This mill is divided into two halves which may be run together or inde- 
pendently. 

The mill requires 14 men per 24 hours, divided into 2 shifts of 12 hours each : 
2 foremen, 4 jig men, 2 table and vanner men, 2 breaker men, 2 trammers, 1 
machinist and 1 assayer. Board costs $30 per month, coal costs $7.25 per ton, 
and wood costs $3.50 per cord. 

Power is furnished by water coming through two ditches IJ miles long and a 
pipe 10 inches in diameter, 3,700 feet long, giving a head of 900 feet. This runs 
four Pelton wheels. Two of them are 6 feet in diameter, have |-inch nozzles 
and each drives one-half the mill, being rated at 60 horse power apiece. The 
third is 3 feet in diameter with J-inch nozzle, rated at 30 horse power, and drives 
the two rock breakers. The fourth runs a dynamo with a capicty of 75 lights. 

The water for the mill is partly the waste from the Pelton wheels delivered 
at the level of No. 1 trommel, and is partly taken direct. 

The crude ore contains 6 to 12% lead and 3 to 5 ounces silver per ton. The 
concentrates contain 55 to 58% lead and 16 to 20 ounces silver. The tailings 
contain IJ to 2-J% lead and IJ to 3 ounces silver. One hundred tons of ore 
yield about 12 tons of concentrates and 88 tons of tailings. The mill saves 
about 75% of the lead and 50% of the silver. 

§ 693. Mill No. 35. Union Mill or the Standard Mining Company, 
Wallace, Idaho. — Capacity 250 to 300 tons per 24 hours. The mill runs 24 
hours per day, 7 days per week. The ore consists of the economic minerals 
argentiferous galena, pyrite and blende and a gangue of slate and quartz. The 
problem is to save the lead and silver without the zinc. The ore is hand 
picked at the mine into two classes: shipping ore (about 100 tons per day) 
which goes to smelter, and concentrating ore (about 250 to 300 tons per day) 
which is hauled 7 miles in automatic side discharge railroad cars, holding 
20 tons each, to (1). 

1. No. 1 or receiving bins with bottom sloping 45°. By 11 gates and chutes 
and thence by end dumping car, holding 2,000 pounds, up an incline to (2). 

2. One grizzly with 1-inch spaces. Oversize to (3) ; undersize to (4). 

3. One No. 1 breaker, a Gates No. 3, crushing to 1 inch. To (4). 

4. From (2) and (3). One No. 2 bin, holding 125 tons. By Tulloch feeder 
to (5). 

5. One pair of No. 1 rolls, 26 X 15 inches, set i inch apart. By No. 1 
bucket elevator to (6). 

6. One No. 1 trommel with 16-mm. round holes. Oversize to (12) ; under- 
size to (7). 
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7. One ITo. 2 trommel with 9-mm. round holes. Oversize to (13) ; imdersize 
to (8). 

8. One No. 3 trommel with 5-mm. round holes. Oversize to (14) ; under- 
size to (9). 

9. One No. 4 trommiel with 3-mm. round holes. Oversize to (15) ; under- 
size to (10). 

10. Two No. 1 hydraulic classifiers, each with four spigots. 1st spigot to 
(16) ; 2d to (17) ; 3d to (18) ; 4th to (19) ; overflow to (11). 

11. From (10) and (24). One No. 1 whole current box classifier with 24 
spigots. Nos. 1 to 6 spigots to upper deck of (28) ; Nos. 7 to 12 to (29) ; 
Nos. 13 to 15 to No. 1 vanner (30) ; Nos. 16 to 18 to No. 2 vanner (30) ; Nos. 
19 to 21 to No. 3 vanner (30) ; Nos. 22 to 24 to No. 4 vanner (30) ; overflow 
to (36). 

12. From (6). Two No. 1 jigs. 3-sieve Harz jigs. 1st and 2d discharges 
to (31) ; 3d to (20) ; 1st hutch to (31) ; 2d and 3d to (20) ; tailings to (36). 

13. From (7). Two No. 2 jigs. 3-sieve Harz jigs. Products like (12). 

14. From (8). Two No. 3 jigs. 3-sieve Harz jigs. Products like (12). 

15. Prom (9). Two No. 4 jigs. 3-sieve Harz jigs. 1st and 2d discharges 
to (31) ; 3d to (20) ; 1st and 2d hutches to (31) ; 3d to (20) ; tailings to (36). 

16. Prom (10). Two No. 5 jigs. 2-sieve Collom jigs. 1st discharge to 
(31) ; 2d to (20) ; 1st hutch to (31) ; 2d to (20) ; tailings to (36). 

17. From (10). Two No. 6 jigs. 2-sieve Collom jigs. Products like (16). 

18. Prom (10). Two No. 7 jigs. 2-sieve Collom jigs. 1st hutch to (31) ; 
2d to (20) ; tailings to (36). 

19. From (10). Two No. 8 jigs. 2-sieve Collom jigs. Products like (18). 

20. From (12), (13), (14), (15), (16), (17), (18), (19), (25), (26), (27). 

One No. 1 unwatering box. Spigot to (21) ; overflow to (36). 

21. Prom (20) and (23). Two pairs of No. 2 rolls, 26 X 15 inches, seft 

close together. To (22). 

22. From (21), (28), (29). One No. 2 bucket elevator. To (23). 

23. One No. 5 trommel with 2^-min, round holes. Oversize to (21) ; under- 
size to (24). 

24. One No. 2 hydraulic classifier with 3 spigots. 1st spigot to (25) ; 2d to 
(26) ; 3d to (27) ; overflow to (11). 

25. Two No. 9 jigs. 3-sieve Harz jigs. 3d discharge to (20) ; 1st and 2d 

hutches to (31) ; 3d to (20) ; tailings to (36). 

26. Prom (24). One No. 10 jig. 3-sieve Harz jig. Products like ^25). 

27. From (24). One No. 11 jig. 3-sieve Harz jig. Products like (25). 

28. From (11). One No. 1 convex revolving slime tal)lc with 2 d(‘cks. 

Heads of upper deck to (33) ; middlings to lower deck; tailings to (36). Heads 
of lower deck to (33) ; middlings to (22) ; tailings to (36). 

29. From (11). One No. 2 convex revolving slirnc table with 2 docks. 

Upper deck not used. Heads of lower deck to (33) ; middlings to (22) ; tailings 
to (36). 

30. From (11). Nos. 1 to 4 vanners. 4-foot Frue vanners. Heads to (32) ; 
tailings to (36). 

31. From (12), (13), (14), (15), (16), (17), (18), (19), (25), (26^. (27). 
No. 1 and No. 2 settling tanks for jig concentrates. Settlings lo shipping car 
to go to smelter; overflow to (34). 

32. From (30). No. 3 and 4 settling tanks for vanner concentrates. Products 
like (31). 

33. Prom (28) and (29). No. 5 settling tank for slime table concentrates. 
Products like (31). 
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34. From (31), (32), (33). One iN’o. 6 settling tank. Settlings to shipping 
car to go to smelter; overflow to (35). 

35. One No. 7 settling tank. Settlings to shipping car to go to smelter; 
overflow to (36). 

.3 (1^)^ (1^). (17)^ (18), (19), (20), (25), 

(26), (27), (28), (29), (30), (35). Tailings launder to waste. 

The labor required is 14 men per 24 hours divided into two shifts of 12 hours 
each: 1 foreman, 2 breaker men, 4 jig men, 2 vanner men and 5 others. Wages 
range from $3.50 to $5 per day. Board costs $30 per month ; wood costs $3.70 
per cord. 


Power is furnished by water taken from the flume under a head of 80 feet 
by a pipe 30 inches diameter for 100 feet of length and 24 inches diameter for 
20 feet. ^ A 14-inch valve regulates the supply. This drives a Pelton wheel, 
6 feet diameter, with two nozzles one 4 inches diameter and one 4J inches 
diameter, making 120 revolutions per minute, and developing 110 horse power. 
This runs the whole mill by a 7J-foot pulley and 20-inch belt. A 6-inch branch 
pipe from the 24-inch pipe runs a second Pelton wheel 4 feet diameter with a 
2-inch nozzle, and developing 10 horse power. This runs the dynamo which 
makes 1,600 revolutions per minute, generates about 100 amperes at 110 volts, 
and has a capacity of 100 lights. 

Water is brought 11,360 feet from a creek by a flume 4 feet wide, 3 feet deep, 
and having a fall of 2J inches in 100 feet. The water for washing is taken 
from the flume with 30 feet fall. The total water carried by the flume for 
power and washing is 187 minePs inches. If we assume a miner’s inch to be 
1.5 cubic feet or 11.22 gallons per minute, then this is equivalent to 2,098 gal- 
lons per minute. 

The ore coming to the mill contains 12 to 16% lead, and 17 to 23 ounces silver 
per ton. The concentrates contain 61 to 65% lead and 75 to 86 ounces silver. 
The tailings contain 1-J to 2% lead and 4 to 7 ounces silver per ton. One hun- 
dred tons of ore yield 20 tons of concentrates and 80 tons of tailings. The mill 
saves 90% of the lead and 78% of the silver. The total shipments to the 
smelter in 1898 were 15,350 tons. 

This mill has been somewhat changed since the author’s visit, and is now said 
to treat 300 to 400 tons per day.®®® The ear in (1) has been replaced by a 
belt conveyor. A Gates breaker No. 5 has been substituted for the Gates No. 3. 
The trommels (6) to (9) now have 15, 10, 7 and 3-mm. holes. The fine concen- 
trators now include the slime tables (28) and (29), then two Wilfley tables, a 
Hallett table, three of the four Frue vanners (30), and finally 52 stationary 
rectangular inclined canvas tables. The heads of these canvas tables are further 
concentrated on a Wilfley table. A tailings plant has been installed consisting 
of a Huntington mill for crushing and four Wilfley tables for concentrating the 
pulp from the Huntington. The tailings plant is driven by a Pelton wheel 30 
inches diameter with five square nozzles under a head of 35 feet. 

Owing to the slaty gangue which has a tendency to be ground to clay, the 
crushing is done dry as far as possible. 

§ 694. Mill No. 36. Stem Winder, Kellogg, Idaho. — Capacity 75 tons 
in 24 hours. The mill runs 24 hours per day, 7 days per week. The ore con- 
sists of the economic mineral argentiferous galena and a gangue of quartz. The 
problem is to save the lead and silver. The ore is brought by a wire rope tram- 
way to (1). 

1. Grizzly with H-inch spaces. 0\ersize to (2) : undersize to (3). 

2. One No. 1 Blake breaker, 7 X 12 inches. To (3). 

3. Fiom (1) and (2). No. 1 bin. By sliding block feeder to (4). 

4. One pair of No. 1 rolls, 24 X 14 inches. To (5). 




7. From (6) and (13). One pair of No. 2 rolls, 20 X 10 inchos. To (5). 

8. From (6). One No. 2 trommel with 7.9-mm. round holes. Oversize to' 
(13); undersize to (9). 
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9. From (8) and (19). One No. 3 tro mm el with 5.1-mm. round holes. 
Oversize to (14); undersize to (10). 

^ 10. One No. 4 trommel with 3.3-mm. round holes. Oversize to (15) : under- 
size to (11). ^ ^ 

11. One No. 1 hydraulic classifier with 3 spigots. 1st spigot to (16) : 2d to 

(17) ; 3d spigot and overflow to (12). ^ ^ ^ 

12. One No. 1 surface current box classifier with two spigots. 1st spigot 
either to (20) or (21) ; 2d to (22); overflow to (24). 

13. From (8). Two No. 1 jigs, 2-sieve Harz jigs. 1st discharge to (23) ; 
2d to (7) ; 1st hutch to (23) ; 2d to (7) ; tailings to (24). 

14. From (9). Two No. 2 jigs. 4-sieve Harz jigs. 1st and 2di discharges to 
(23) ; 3d and 4th to (18) ; 1st and 2d hutches to (23) ; 3d and 4th to (18) ; 
tailings to (24). 

15. From (10). Two No. 3 ji^^. 4-sieve Harz jigs. Products like (14). 

16. From (11). Two No. 4 jigs. 4-sieve Harz jigs. 1st and 2d discharges 
to (23) ; 4th to (18) ; 1st and 2d hutches to (23) ; 3d and 4th to (18) ; tailings 
to (24). 

17. From (11). Two No. 5 jigs. 4-sieve Harz jigs. 1st and 2d hutches to 
(23) ; 3d and* 4th to (18) ; tailings to (24). 

18. From (14), (15), (16), (17). One No. 2 bucket elevator. To (19). 

19. One pair of No. 3 rolls, 20 X 10 inches. To (9). 

20. From (12). One convex revolving slime table. Heads to (21) ; tailings 
to (24). 

21. From (12) or (20). One No. 1 vanner. A 4-foot Frue vanner. Heads 
to (23) ; tailings to (24). 



OF MILL 37. 

22. From (12). One No. 2 vanner. A 4-foot Frue vanner. Heads to (23) ; 
tailings to (24). 
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23. From (13), (14), (15), (16), (17), (21), (22). Concentrates bins. 
Shipped to smelter. 

24: From (12), (13), (14), (15), (16), (17), (20), (21), (22). Tailings 
launder to waste. 

§ 695. Mill JSTo. 37. Buffalo Hump Mining Company, Tiger & Pooeman 
Biunch, Burke, Idaho.— The mill as originally designed is shown in Figs. 516a- 
516^. Some changes ha^e been made, as will be seen by the outline. Capacity 
550 tons in 24 hours. The mill runs 24 hours per day, 7 days per week. The ore 
consists of the economic minerals argentiferous galena and blende and a gangue 
of quartz. The problem is to save the silver and lead. First and second class 



FIG. 516^. Em5VAT10N 


ore are hoisted separately from the mine and brought to the mill in cars, the first 
class going to (l),and the second class to (5). 

1. Picking tables. Smelting ore to (2) ; residue to (3). 

2. 1^0. 1 or shipping ore bin. To smelter. 

3. From (1). No. 2 or concentrating ore bins. To (4). 

4. Two No. 1 breakers, one Comet C, and one 9 X 15-mch Blake, crushing to 
inches. DBy inclined conveyor to (6). 

5. One No. 2 breaker, a Gates No. 6, for second class ore, crushing to inches. 
To (6). 

6. From (4) and (5). No. 3 or supply bins. By feeder to (7). 

7. From (6) and (9). One pair of No. 1 rolls, 26 X 15 inches, set f inch 
apart. To (8). 


'E^aSin 
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8. From (7), (27) and (28). One No. 1 bucket elevator. To (9). 

9. One No. 1 trommel, with 25-nmi. rotmd holes. Oversize to (7) ; undersize 
to (10). 

10. One No. 2 trommel with 20-mm- holes. Oversize to (18) ; undersize to 

( 11 ). 

11. One No. 3 trommel, with 12-mm. holes. Oversize to (19) ; undersize to 

(12). 

12. One No. 4 trommel, with lO-mm. holes. Oversize to (20) ; undersize to 

(13) . ^ 

13. One No. 5 trommel, with 6-mm. holes. Oversize to (21) ; undersize to 

(14) . 

14. One No. 6 trommel, with 4-mm. holes. Oversize to (22) ; undersize to 

(15) . 

15. Two No. 1 hydraulic classifiers with 4 spigots each. 1st spigot to (23) ; 2d 
to (24) ; 3d to (25) ; 4th to (26) ; overflow to (16). 

16. From (15) and (32). Two No. 1 box classifiers with two spigots each. 
1st spigot to (38) ; 2d to (39) ; overflow to (17). 

17. From (16) and (40). No. 2 box classifier. Spigot to (41) ; overflow to 
(44). 

18. From (10). Two No. 1 jigs. 2-sieve sliding-block jigs. 1st discharge 
and hutch to (42) ; 2d to (27) ; tailings to (27). 
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19. Prom (11). Four No. 2 jigs. 4-sieve Harz jigs. 1st and 2d discharges 
and hutches to (42) ; 3d and 4th to (28) ; tailings to (44). 

20. Prom (12). Pour No. 3 jigs. 4-sieve Harz jigs. Products like (19). 

21. From (13). Three No. 4 jigs. 4-sieve Harz jigs. 1 st and 2d discharges 
and hutches to (42) ; 3d and 4th to (29) ; tailings to (44). 

22. Prom (14). Three No. 5 jigs. 4-sieve Harz jigs. Products like (21 ). 

23. Prom ^5). Three No. fi jig.s. 4-sieve Harz jigs. 1st and 2d discharges 

and hutches to (42) ; 3d and 4th to (37) ; tailings to (44). 

24. Prom (15). Three No. 7 jigs. 4-sieve Harz jigs. Products like (23). 

25. Prom (15). Three No. 8 jigs. 4-sieve Harz jigs. Products like (23). 

26 Prom (15). Three No. 9 jigs. 4-sieve Harz jigs. Products like (23). 
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%ti From (18). One pair of Ko. 3 rolls, 36 X 15 inches, set inch apart. To 

( 8 ). 

38. From (19) and (20). One pair of No. 3 rolls, 30 X 13 inches, set J inch 
apart. To (8). 



39. From (31), (33), (31) and (33). One pair of No. 4 rolls, 43 X 13 inches, 
set inch apart. To (30). 

30. From (39) and (37). Two No. 3 bucket elevators. To (31). 
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FIG. 516/. — CROSS SECTION IN FRONT OF ROLLS. 
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31. Two No. 7 trommels. Sectional with 3 and 7-mm. holes. Over 7 mm. 
to (29) ; through 7 on 3 mm. to (33) ; through 3 mm. to (32). 

32. Two No. 2 hydraulic classifiers with 4 spigots each. 1st and 2d spigots to 

(34) ; 3d to (35) ; 4th to (36) ; overflow to (16). 

33. From (31). Two No. 10 jigs. 4-sieve Harz jigs. Products like (21). 

34. From (32). Two No. 11 jigs. 4-sieve Harz jigs. Products like (23). 

35. From (32). Two No. 12 jigs. 4-sieve Harz jigs. Products like (23). 

36. From (32). Two No. 13 jigs. 4-si6ve Harz jigs. Products like (23). 

37. From (23), (24), (25), (26), (34), (35) and (36). Two Huntington 
mills with 30-mesh screens. To (30). 

38. From (16). Four 3-deck convex revolving slime tables. Stuff is all fed 
on upper and middle decks which make healds to (42) and tailings by a V-un wa- 
tering box to lower decks which inake heads to (42), middlings to (40) and tail- 
ings to (44). Overflow of V-box goes to (40). 

39. From (16). Six 6-foot Frue vanners. Heads to (42) ; tailings to (40). 

40. From (38) and (39). Centrifugal pump. To (17). 

41. From (17). Four Wilfley tables. Heads to (42) ; middlings returned to 
same table ; tailings to (44). 

42. From (18), (19), (20), (21), (22), (23), (24), (25), (26), (33), (34), 

(35) , (36), (38), (39) and (41). No. 1 settling tanks. Settlings are sampled, 
weighed and wheeled into cars to go to smelter; overflow to (43). 



FIG. 516^. — ^EXTERIOR VIEWS OF MILL 


43. No. 2 settling tanks. Settlings sampled, weighed and wheeled into cars 
to go to smelter; overflow to (44). 

44. From (17), (19), (20), (21), (22), (23), (24), (25), (26), (33), (34), 
(35), (36), (38), (41) and (43). Tailings launder. To waste. 

The labor r^uired is 12 men by day and 8 by night. 

The power is furnished in winter by a Corliss engine with cylinder 18 X 42 
inehes,^ making 86 revolutions per minute. In the spring and summer, water 
power is used supplemented if necessary by the engine. ^ 

Crude ore from the mine averages 10% lead, 5% zinc and 5 ounces silver per 
ton; shipping ore 50% lead andi 25 ounces silver; concentrates 56% lead, 9% 
zinc and 26 ounces silver; tailings 1% lead, 4% zinc and J ounce silver, the extra 
loss in silver being carried off with the zinc. One hundred tons of ore yield about 
13 tons of concentrates. The mill saves about 90% of the lead, 85% of the silver 
and 25% of the zinc. Monthly shipments arc 100 to 300 tons of shipping ore and 
about 2,200 tons of concentrates. 


§ 696. The New TTtmmelfatirt Mill, Freiberg, Saxomy.’®^ — Capacity 150 
metric tons in 10 hours. The mill runs 10 hours per day. The ore consists of the 
economic minerals galena, heavy blende containing 33% iron, pyrite, arsenopyrite 
and sometimes chaleopyrite, in coarse and fine crystallization, and a gangue either 
of gneiss or of sometimes a quartzoso, sometimes a spathic rock; only the galena is 
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silver bearing. The problem is to separate all the minerals from the gangne and 
from each other. At the various shafts a little rich ore and waste are picked out 
and the residue is hauled to the mill by horses in railroad ears holding 1,100 to 
1,200 kilos each, which are lifted by a platform elevator to the receiving floor and 
dumped to (1). 

1. Four hoppers holding 6,000 kilos each. By four feeders to (2). 

2. Four riddles with 30-nim. holes, supplied with a stream of water. Oversize 

to (3) ; undersize to (4). 

3. Four breakers. To (4). 

4. From (2) and (3). Two No. 1 trommels with 7, 9, 12 and 16-mm. holes. 
Over 16 mm. to (5) ; through 16 on 12 mm. to (20) ; through 12 on 9 mm. to 
(21) ; through 9 on 7 mm. to (22) ; through 7 mm. to (7). 

5. Two picking belts. Galena to (43) ; pyrite and arsenopyrite to (44) ; bar- 
ren rock to (46) ; residue to (6). 

6. Two pairs of No. 1 rolls, 700 X 340 mm. To (7). 

7. From (4) and (6). Two No. 2 trommels with 4, 54, 7 and 9-mm. holes. 

Over 9 mm. to (8) ; through 9 on 7 mm. to (23) ; through 7 on mm. to (24) ; 

through on 4 mm. to (25) ; through 4 mm. to (14). 

8. From (7) and (29). Two pairs of No. 2 rolls, 700 X 340 mm. To (9). 

9. Two No. 3 trommels with 4, 5 and 7-mm. holes. Over 7 mm. to (10) ; 
through 7 on 5 mm. to (26) ; through 5 on 4 mm. to (27) ; through 4 mini, 
to (14). 

10. Two pairs of No. 3 rolls, 700 X 340 mm. To (11). 

11. Two No. 4 trommels with 4-mm. holes. Oversize to (12) ; undersize 

to (14). , , 

12. From (11), (20), (21), (22). (23), (24), (25), (26), (27), (30), (31). 
Two No. 1 bucket elevators. To (13). 

13. Thirty gravity stamps arranged in six batteries using a screen with 2-mm. 
holes. To (14). 

14. From (7), (9), (11) and (13). Two No. 5 trommels with 3-mm. holes. 
Oversize to (30) ; undersize to (15). 

15. Two No. 6 trommels with 2-mm. holes. Oversize to (31) ; undersize 

Vo. Two No. 1 pointed boxes with 3 spigots each. 1st spigot to (32) ; 
2d to (33) ; 3d to (34) ; overflow bv centrifugal pump to (17). 

17. Two No. 2 pointed boxes with 9 spigots each. First three spigots to (36) ; 
last six spigots to (37) ; overflow to (18). 

18. Two No. 3 pointed boxeb with six spigots each. First two spigots to (38) ; 
last four spigots to (19) ; overflow to (49). 

19. Two No. 4 pointed boxes with 4 spigots each. Spigots to (39) ; overflow 

to (49). 

20. From (4). Two No. 1 jigs. 5-sie\e Harz jigs. 1st sieve (galena) to (43) ; 
2d and 3d sieves (considerable galena) to (29) ; 4th and 5th sieves (little galena) 

to (12) ; tailings to (46). -r. . . ti /-.ax 

21. From (4). Two No. 2 jigs. 5-sieve Harz jigs. Products like (20). 

22. From (4). Two No. 3 'jigs. 5-sieve Harz jigs. Products like (20). 

23. From (7). Two No. 4 *jig«. 5-sieve Harz jigs. Products like (20). 

24. From (7). Two No. 5 jigs. 5-sieve Harz jig^^. 1st ^ieve (galena) to 
(43) ; 2d sieve to (28) ; 3d sieve (pyrite) to (44) ; 4th sieve (poor grade pyrite) 
to (44) ; 5th sieve (blende middlings) to (12) ; tailings to (46). When arseno- 
pyrite occurs in the ore, in which case blende is commonlv ab'^^ent, the 3d sieve 
yields ar'ienopyrite to (44), and the 4th sieve, pvrite to (44). On the other hand, 
when hlende Is present, arsenopyrite is usually absent and the 4th sieve yields 
blende to (45). 
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25. From (7). Two No. 6 jigs. 5-sieve Harz jigs. Products like (24). 

26. From (9). Two No. 7 jigs. 5-sieve Harz jigs. Products like (24). 

27. Prom (9). Two No. 8 jigs. 5-sieve Harz jigs. Products like (24). 

28. Prom (24), (25), (26), (27). Two No. 9 jigs. 5-sieve Harz jigs. Exact 

disposition of products unknown but probabty the earlier sieves made galena to 
(43), while the later sieves and tailings go to (29). 

29. Prom (20), (21), (22), (23) and (28). Two No. 2 bucket elevators. 
To (8). 

30. Prom (14). Two No. 10 jigs. 5-sieve Harz jigs. 1st sieve (galena) to 
(43) ; 2d sieve (galena and arsenopyrite or galena and pyrite middlings) to ( 12) ; 
3d sieve (arsenopyrite and pyrite) to (44) ; 4th and 5th sieves (pyrite and blende 
middlings) to (12) or (if blende absent) to (44 * tailings to (47). 

31. From (15). Two No. 11 jigs. 5-sieve Harz jigs. Products like (30). 

32. From (16). Two No. 12 jigs. 5-sieve Harz jigs. Products like (30) 
except 2d, 4th and 5th sieves to (35). 

33. From (16). Two No. 13 jigs. 5-sieve Harz jigs. Products like (32). 

34. From (16). Two No. 14 jigs. 5-sieve Harz jigs. Products like (32). 

35. From (32), (33) and (34). Two No. 15 jigs. 5-9ieve Harz jigs. Exact 
disposition of products unknown but probably galena to (43) ; pyrite and arseno- 
pyrite to (44) ; blende to (45) ; tailings to (47). 

36. From (17). No. 16 jigs. Two series, each containing three Bilharz oblong 
movable sieve jigs. 1st jig (if galena) to (43) ; or (if galena middlings) re- 
turned to same jig; 2d jig (pyrite) to (44) ; 3d jig (blende) to (45) ; tailings 
to (49). 

37. From (17). No. 17 jig. A Bilharz circular movable sieve jig with six 
sieves. All the sieves make hutches to (40) and tailings to (49). 

38. From (18). Two No. 18 jigs. Bilharz oblong movable sieve jigs. Con- 
centrates to (41) ; tailings to (49). 

39. From (19). Four No. 1 Stein tables. Galena to (43) ; galena middlings 
to (42) ; pyrite to (44) ; blende middlings (if blende is present) to (42) ; tailings 
to (49). 

40. Prom (37). Six No. 2 Stein tables. Products like (39). 

41. Prom (38). Two No. 3 Stein tables. Products like (39). 

42. From (39), (40) and (41). Two No. 4 Stein tables. Exact destination 
of products unknown but probably galena to (43) ; pyrite to (44) ; blende to 
(45); tailings to (49). 


43. Prom (5), (20), (21), (22), (23), (24), (25), (26), (27). (28), 
(30), (31), (32), (33), (34), (35), (36), (39), (40), (41) and (42). Store 
bins for galena. The coarse stuff is stamped by 20 gravity stamps so that it will 
all pass through a sieve with 10 meshes per linear inch. The stuff is smelted for 
lead and silver. 


44. From (5), (24), (25), (26), (27), (30), (31), (32), (33), (34), (35), 
(•>6), (39), (40), (41) and (42). Store bins for pyrite and arsenopyrite These 
aic roasted separately and the sulphur and arsenic used for making sulphuric 
acid^and arsenical compounds and the residues are used as a flux for the smelter. 

45. Fro]n (24). (25), (26), (27), (35), (36) and (42). Store bins for blende. 
This goes to market. 

46. From (5), (20), (21), (22), (23), (24), (25), (26) and (27). No. 3 
bucket elevator lifting to No. 7 trommel which makes such sizes of the tailings 
as the purchasers desire. 

47. From (30), (31), (32), (33), (34) and (35). Unwatering box. Settlings 
by No. 4 bucket elevator to No. 7 trommel; overflow to (48). 

48. No. 1 settling tank. Settlings by scraper to No. 4 bucket elevatoi ; over- 
flow repumped back into the mill as clear water. 
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49. From (18), (19), (36), (37), (38), (39), (40), (41) and (42). Xo. 2 
settling tanks. Three tanks having total area of 900 square meters. Settlings 
to waste; overflow repnmped back into the mill as clear water. 

The labor required is 53 men, which may be put under three heads: (a) Gen^ 
eral^ Superintendence — 2 head overseers and 2 assistant overseers; (6) Coarse 
Division — 2 men at foot of platform elevator, 2 men at top, 2 men at breakers, 
8 to 10 boys or old men at picking belts, 1 man on the middle story, 4 men wheel- 
ing stuff on the lower story, 1 man on stamps, 1 overseer, 1 engineer for mill 
engine, 1 fireman and 1 blacksmith; (c) Medium and Fine Division — 2 men on 
jigs Nos. 10 to 15 inclusive, 4 men shoveling, 2 men wheeling, 2 men on the 
rest of the jigs, 4 men on the Stein tables, 4 men wheeling table stuff, 3 men 
wheeling waste, 1 carpenter and 1 overseer. 

The power is furnished by a compound engine working under a steam pres- 
sure of 110 pounds per square inch, making 70 revolutions per minute, with 
high pressure cylinder 390 X 800 mm. and low pressure cylinder 640 X 800 mm., 
indicating 105 horse power. There are 3 boilers which run the mill engine, the 
platform elevator (8 horse power), the electric lighting apparatus (20 horse 
power) and the 20 stamps for galena (10 horse power). The power required for 
the individual machines is as follows: shafting and friction, 6; 4 breakers, 16; 
2 No. 1 trommels, 0.8 ; 2 picking belts, 1 ; 2 pairs No. 1 rolls, 8 ; 2 No. 2 trommels, 
0.6 ; 2 No. 2 rolls, 7 ; 2 No. 3 trommels, 0.5 ; 2 pairs No. 3 rolls, 6 ; 2 No. 4 trom- 
mels, 0.4; 2 No. 1 elevators, 0.6; 2 No. 2 elevators, 0.6; 30 stamps, 12; 4 No. 1 
and No. 2 jigs, 2; 14 No. 3 to No. 9 jigs, 7; 4 No. 5 and No. 6 trommels, 0.6; 
12 No. 10 to No. 15 jigs, 7 ; 1 large pump for water, 4 ; 1 small centrifugal pump, 
2; 2 No. 3 and No. 4 elevators, 0.8; 2 centrifugal pumps for slimes, 4; 1 cen- 
trifugal pump for clear water, 1; 1 No. 17 jig, 1 ; 14 tables, 2.8; 8 No. 16 and 
No. 18 jigs, 1.2; total 92.9 horse power. A second engine with cylinder 230 mm. 
diameter X 350 mm. long, developing 20 horse power when running at 160 to 
200 revolutions per minute under a steam pressure of 110 pounds, and cutting 
off at \ stroke, furnishes power for running the djmamo. There are 110 incan- 
descent lamps of 16 candle power each, and 6 arc lamps of 1,000 candle power 
each. 

Water is brought to the mill by a ditch and is stored in a reservoir holding 
10,000 cubic meters. The mill receives 1 cubic meter (264.19 gallons) per 
minute. Part of this is used by the boilers and the remainder passes through 
Ihe condenser and thence to the mill. In addition to the fresh water supply 
there are also 0.950 cubic meter per minute obtained from the settling tanks. 

The galena carries 0.15 to 0.17% and sometimes 0.20% silver. The tailings 
of jigs No. 1 to No. 15 average 0.005% silver, 8 to 10% sulphur and 9 to 12% 
zinc; those of No. 16 and No. 18 jigs, 0.001% silver, 2% sulphur and 4% zinc; 
those of No. 17 jig, 0.002% silver, 8% sulphur and 8% zinc; those of the tables, 
0.003% silver, 1% lead, 12% sulphur and 9% zinc; the settlings in No. 2 settling 
tanks give 0.01% silver, 2% lead, 8% sulphur and 6% zinc. The overflow of the 
settling tanks contains 0.227 kilo of solid matter per cubic meter which averages 
0.01% silver, 10% sulphur and 9% zinc. 

The especial points to be noted about this mill are that it is modem, having 
been put in operation in October, 1889 ; that the ore passes along continuously 
and automatically throughout; that the mill is divided into two sections for 
treating two classes of ore independently if necessary; that it employs graded 
treatment; that all the trommel oversizes are recrushed, this being rendered 
n(‘cessary by the sending of middlings back into the main system. 

^ 697.' Mill at Laurenburg on the Lahn in Prussia.^*^ — (S ee Figs. 517a 
and 5176.) — Capacity 200 tons in 10 hours. The ore consists of the economic 
minerals galena, blende and chalcopyrite, and a gangue of quartz and siderite. 
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The country rock is graywack. The problem is to save the lead, zinc and copper 
separately. The ore is hoisted up an inclined plane to (1). 

Breaking and Picking Building, 

1. One grizzly with 150-mm. spaces. Oversize by hopper and feeder to (2) ; 
undersize to No. 1 bin (5). 

2. One No. 1 jaw breaker crushing to 75 or 80 mm. To (3). 



FIG. 617a. — ^ELEVATION OP MILL AT LAURENBURG. 



FIG. 5176. — PLAN. 


LEGEND FOR FIGS. 517a AND 5176. 


a. Hoist. 

h. Breaking and picking buiiding. 

0 Storage bins, 

d. Rock breaker floor. 

e. Picking and coarse roils floor. 

/. Medium and fine rolls and coarse jigs floor. 
g. Medium jigs and stamp floor 
n. Fine jigging building. 


t Large spitzkasten. 
k. Slimes division 
I Slimes division for old tailings. 
m. r.oilers 
n Engine 
o Engine 
p Workshops 


3. One No. 1 shaking screen with 25-mm. holes. Oversize to (4) : undersize 
to No. 2 bin (5). 

4. One circular revolving picking table. Galena to smelter; blende to market; 
chalcopyrite to smelter; some rich complex material to be cobbed in the same 
room; concentrating ore to No. 3 bin (5) ; siderite to market ; barren rock to waste 
dump. 

5. From (1), (3), (4). No. 1, 2 and 3 bins. Material is wheeled 
trestle to (6). 


over a 
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Rock Breaker Floor ^ 

6. Four No. 4 bins. To (7). 

7. Four No. 2 shaking screens with 25-mm. holes. Oversize to (8) ; under- 
size to (9). 

8. Four Kiev jaw breakers, 220 X 440 mm., crushing to between 30 and 60 mm. 
To (9). 

Picking and Coarse Rolls Floor, 

9. From (7) and (8). Two No. 1 trommels. Sectional with six sizes of holes 
ranging from 25 ( ?) mm. to 7 mm. Over 25 ( ?) mm. to (10) : sizes between 
25 (?) mm. and 7 mm. separately to (12) ; under 7 mm. to (13). 

10. Two circular picking tables. G-alena to smelter; blende to market; chal- 
copyrite to smelter; siderite to market; concentrating ore by two shaking feeders 
to (11) ; barren rock to waste dump. 

11. Two pairs of No. 1 or coarse rolls, crushing to 10 or 12 mm. To (13). 


Medium and Fme Bolls and Coarse Jigs Floor. 

12. From (9). Twelve No. 1 or coarse jigs. Two rows of 5-sieve jigs treat- 

ing various sizes from (9). Galena to smelter; rich galena-blende middlings 
to be rejigged on separate jigs; rich blende middlings to (16) ; poor middlings 
to (14) ; tailings to waste. . 

13. From (9), (11). Two No. 2 trommels. Sectional with four sizes of holes 

ranging from 9 ( ?) mm. to 4 mm. Over 9 ( ?) mm. bv bucket elevator to (14) ; 

sizes between 9 ( ?) and 4 mm. separately to (20) ; under 4 mm. to (23). 

14. From (12), (13). Two pairs of No. 2 or medium rolls, crushing to about 

6 mm. To (18). , - . j. 

15. From (21). Two pairs of No. 3 or fine rolls crushing to about 4 mm. 

To (19). 

16. From (12), (20). One pair of No. 4 or blende rolls, crushing to 4 mm. 
To (17). 

17. One No. 3 trommel. Sectional with four sizes of holes ranging from 
4 mm. to 1 mm. Coarse sizes to jigs, the exact location of which is not known 
to the author, but they are probably among the fine jigs (25) ; under 1 mm. 
to (24). 

Medium Jigs and Stamp Floor. 

18. From (14). Two No. 4 trommels. Sectional with three sizes of holes 
ranging from 7 mm. to 4 mm. Over 7 mm. to (21) ; sizes between 7 and 4 mm. 

separately to (25) ; under 4 mm. to (23). . ^ 

19. From (15). Two No. 5 trommels wnth 4-mm. holes. Oversize to (^.^.) , 

undersize to (23). . rr^ ^ e 

20 From (13). Eleven No. 2 or medium Two rows of 5-sieve ]ig> 

treating various sizes from (13). Galena to smelter: rich galena-blende mid- 
dlings "to bo rejigged on separate jigs; rich blende middlings to (lb), poor 
middlings to (21) ; stamp material to (22) : tailings to waste. 

21. From (18), (20). Elevator to (15). 

22. From (19), (20), (25), (26). Twenty gravity stamps crushing to about 

14 mm. To (23). ^ „ -7 ,• 

Fine Jigg>-ng Building. 

23. From (13), (18), (19), (23). Four (?)/ets of trommels wUh three 
in series in each set, having 3, 2, and 1-mm. holes. Oversizes to (~o) ; tmal 

^"^^r^From (17), (23). Two classifiers. Spigots probably to (25) ; overflow 
to (29). 
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25. From (18), (23), and (24). Twenty-five No. 3 or ji^. Galena to 

smelter; some middlings to be rejigged; some middlings to (28) , some mid- 
dlings to (22); tailings to (26). ,, . 

26. BpitzTcasteii. Spigots back to some of the fine jigs (25) yieldmg an en- 
riched product to (22) and tailings to waste; overflow to (27). 

27. Spitzlcdsien. Spigots to six Stein tables, the exact products of which are 
not known to the author; overflow to (29). 

28. From (25). Two bumping tables. Exact products unknown to the 

author. 

Large Spitzkasten, 

29. From (24), (27) and also all the slime water which comes from the un- 
watered tailings of the previous machines. Ten large spitzkasten^ half of them 
for galena slimes and half for blende slimes. Spigots to (30) ; overflow clear 
water to be used over in the mill. 

Slimes Division. 

30. From (29), (32), (33), (34), (35). Sixteen small spitzhasten in a double 
row. Spigots to (31) ; overflow to (38). 

31. Four compound Stein tables each made up of four single tables. Galena 
to smelter; rich middlings to (32) ; poor middlings to (32) ; tailings to (32). 

32. Four spitzhasten, one for rich middlings, one for poor middlings, and 
two for tailings. Spigots separately to (33) ; overflow to (30). 

33. Four compound Stein tables each made up of four single tables. Galena 
or blende concentrates, not quite rich enough to ship, are removed by hand and 
enriched on Stein or Schranz tables; rich middlings by centrifugal pump to 
(34) ; poor middlings by centrifugal pump to (30) ; tailings by centrifugal pump 
to (34). 

34. From (33) and (35). Two spitzhasten, one for rich middlings and one 
for tailings. Spigots separately to (35); overflow to (30). 

35. Two compound Stein tables each made up of four single tables, one table 
for rich middlings and one for tailings. Products like (33) except tailings 
to (36). 

36. Two spitzhasten. Spigots to (37); overflow to (38). 

37. Four Stein tables. Concentrates to smelter; tailings sand to waste; tail- 
ings water to (38). 

38. From (30), (36), (37). Settling basin outside the mill. Settlings are 
waste; water probably used over again. 

The overflows from the concentrates boxes of the tables are settled in a series 
of tanks yielding settlings which go to their propcT destination according to 
quality, and overflow which is clear water to be us<‘d over in tlie mill. 

Slime Division for Old Tailings. 

Old tailings are now being worked over. They are first sliovelod to a launder 
having 3-mm. holes at its end. What passes through is elevated by a bucket 
wheel to a classifier which yields coarse stuff to be treated on a sand jig and fine 
stuff to spitzhasten, etc., just as in the other slime division. 

The labor required is about 130 men and boys in 10 hours. Tliere are 
8 boys in the present slime division and 9 men in the slime division for old 
tailings. 

This mill was erected about 1893. In a general way the treatment of galena 
material is done separately from that of blende material especially in the finer 
part of the mill. The article from which the preceding outline has been made 
does not indicate clearly the exact arrangement of the machines in some parts 



965 


§ 698 8TTMMABT OF PJRINGIPLE8 AND OUTLINES OF MILLS. 


of the mill, and therefore the author can not be sure that the ontline is correct 
in every point, although to the best of his knowledge and belief it is so. 

Power for the breaking and picking building is furnished by a SS-horse power 
engine ; for the main washing buildings by a 300-horse power compound engine ; 
and for the slimes division by a 60-horse power engine. 

§ 698. The Orb Dressin-g Mill at Clatjsthal, 6ermalny.°® — (See Figs. 
518a and 5185.) — Capaci^ about 275 tons per day. The coarse divisions of the 
mill down to and including the coarse jigs run 11 or 12 hours per day, while 
the fine divisions run 24 hours per day. 

The ore consists of the economic minerals galena, blende, copper pyrites and 
iron pyrites and a gangue of quartz, calcite, slate and graywack. The problem 
is to save the lead, zinc and copper separately. In the upper levels oxidized 
ores of lead and zinc were found. The character of the ore has changed in recent 
years, the proportion of blende having greatly increased, as may be seen by 
reference to the products given on page 973. 



no. 518a. — elevation of ore dressing works at clausthal. 



LEGEND FOR FIGS. 518a AND 5185. 


1. Breaker house 

2. Dry cobbing house 

3. Wet cobbing house 

4. Small picking house 

5. Coarse trommel house. 

6. Fine trommel house 

7. Coarse rolls house 

The old stamp mills X , XI . 


8. Coarse jigs house 

9. Medium and fine rolls house 
10. Medium and fine jigs house. 

11 GraMtj stamp house 

12 Sand washing house 
13. Slime washing house 

14 Auxiliary washing house 
and XII are not shown. 


In early times the ore at this place was treated in several small, isolated stamp 
mill« In 1871 and 1872 the present central establishment was erected and three 
of the old stamp mills (X., XI. and XII.) are used to treat certain products 


of the main mill. ^ . j; • ; 

In the mine all the fine ore, except that from poor parts of the mine, i» 
hoisted directly. Coarse stuff up to 100 mm. size is hand picked to remove waste, 
which is kept in the mine. Coarse stuff above 100 mm. -ize. unlws its appear- 
ance is such as to show that mineral is finely disseminated through it, is broken 
by sledges and picked over to remove waste. The chutes for ore have a grating 
over them which has holes 250 or 300 nmi. in diameter, to prevent anything 
coarser than this size from leaving the mine. All kinds of ore are hoisted to- 
gether and go to the grizzlies in the breaker house. . , j: i, • 

^ Since this mill uses the non-continuous system there being. ]ust following 
the two cobbing houses, large storage banks for piling up the different kinds ot 
material picked out in these houses, and since for this and other reasons it is 
somewluit^coniplicated. the author has thought it best to depart from the usual 
form and to use the graphical scheme m describing it, (see pages 966 to 973). 
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The labor required is 450 men per 24 hours on an average. 

Power is furnished to the mill as follows: A 50-horse power Corliss engine 
with one cylinder runs the breaker house. A 100-horse power Corliss engine with 
two cylinders runs the coarse and medium and fine rolls houses. A 150-horse 
power Corliss ei^gine with two cylinders and a 30-horse power Girard water tur- 
bine run the gravity stamp house. A 7-horse power Partial water turbine and 
a 45-horse power ^op turbine drive the trommel and jig houses. A 15-horse 
power Girard turbine runs the auxiliary washing house. A water wheel 4.14 m. 
diameter runs the old stamp mill X. Two water wheels 3.4 m. and 4.04 m. 
diameter run the old stamp mill XI. Two water wheels 3,7 m. and 3.8 m. di- 
ameter run the old stamp mill XII. 

For twelve months in 1880 and 1881 the ore treated was 83,170.5 tons, and 
this yielded 8,048.5 tons of lead concentrates, 364.4 tons of zinc concentrates 
and 117.65 tons of copper concentrates; 100 tons of ore produced 9.68 tons 
of lead concentrates, 0.44 ton of zinc concentrates and 0.14 ton of copper con- 
centrates. For twelve months in 1893 and 1894 the ore treated was 80,294.25 
tons, and this yielded 5,401.41 tons of lead concentrates, 6,644.585 tons of zinc 
concentrates and 39.6 tons of copper concentrates. The corresponding figures 
for 100 tons of ore were 6.73 tons of lead concentrates, 8.28 tons of zinc con- 
centrates and 0.05 ton of copper concentrates. The lead concentrates contain 
from 0.062 to 0.072% silver. The tailings contain 0.2 to 0.4% lead and 0.5 
to 2.0% zinc. 

As will be seen from the scheme, pyritic material is sent for treatment to the 
Dorotheer mill. The author is unable to find any description of this plant, which 
is a small affair. Moreover, at last accounts it was the intention to arrange 
to treat the pyritic stuff at the main miD. 

(h) COMPLEX JIGGING MILLS DRESSING ARGENTIFEROUS COPPER SULPHIDES 

IN MONTANA. 

§ 699. This group includes Mills 38, 39, 40 and 41. They use as final crush- 
ers either rolls or steam stamps. Those using rolls crush by breakers and rolls, 
and dress by screens, classifiers, jigs and tables or vanners. Mill 38 re-treats 
coarse middlings by auxiliary rolls, and sends them back into the system; 
medium middlings are treated by auxiliary rolls, classifiers, jigs and vanners. 
The middlings of these together with the original fine middlings are again 
treated by auxiliary Huntington mills, jigs, and slime tables. One of the three 
sections had a steam stamp, but it was used onl\ when one of the others stopped 
for repairs. In Mill 39 the coarser middlings are recrushed by breakers and 
rolls, going back into the system; the finer middlings are treated by Huntington 
mills, classifiers, jigs and vanners. Milh 41) and 41 re-treat the coarse mid- 
dlings by auxiliary rolls, and send them back into the system ; fine middlings 
are re-treated by auxiliary rolls and jigs, the final overflow of the classifiers going 
back into the system. That the mill men of this district are appieciating the 
advantages of running two machines? together is' s?hown by the changes in Mill 
39, indicated in the note at the end of the mill. 

The ore treated by these mills carries a ver\ high percemtage of concentrates 
which tends to make high losses in the tailings. It is for this reason that 
such coarse jigging is practiced in Mills 38 and 39. The coarse concentrates 
are not of high grade, being only good average pioducts. but it pays better to 
save the material in this way than to crush it finer. However, no tailings go 
to waste which are coarser than 3 mm., and e\en then thew carry a considerable 
percentage of the values in the ore. The lo^'^es are more in the jig tailings than 
in the vanner tailing'^. In ^lill 40 during the mo-nth of duly, 1892, the jig 
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tailings below 3 mm. assayed 2.86 ounces silver per ton and 1.64% copper, while 
the vanner tailings assayed 1.6 ounces silver and 1.00% copper. This loss in 
the jig tailings is due to included grains, and also to fine material that comes to 
the jigs through the imperfections of hydraulic classifiers (see Tables 300 and 
301). Good material can be saved from this by recrushing and treatment on van- 
ners and Wilfiefy tables, and it is only a question of experiment in the individual 
mills to determine whether it will pay. Mill 38 has decided the question in the 
affirmative. 

§ 700. Mill No. 38. Boston and Montana Consolidated Copper and 
Silver Mining Company, Great Falls, Montana. — The mill has three sec- 
tions : two roll sections, and one steam stamp section. Only two section^ can be 
Txm at a time. Capacity of each roll section 300 tons in 24 hours, and of the 
steam stamp section 250 tons in 24 hours. The mill runs 24 hours per day,, 
7 days per we^k. The ore consists of the economic mineral^ chalcopyrite, pyrit^ 
enargite and bornite and a gangue of quartz and decomposed feldspar. The^ 
problem is to save the copper and silveir. The ore is brought by the Great’ 
Northern Eailroad a distance of 170 miles in bottom dumping ' cars holding 2^ 
to 30 tons, to (1). 

I. One No. 1 or receiving bin with flat bottom, holding 3,000 tons, in 3 sec- 
tions. By gates and chutes to (2) and (50). Both roll sections are alike and the 
author will therefore describe one roll section and the steam stamp section. 

’ One Boll Section. 

I r 

, 2, Two Np. 1 grizzlies with,. 1-inch spaces. Oversize to (3) ; undersize to (4). 

3. One No. 1 Blake breaker, 10 X 20 inches, crushing to 1-J inches. To (4). 

4. From (2) and (3). Two No. 1 trommels with 38.1-mm. round holes. 
Oversize to (5) ; undersize to (6). 

5. Two No. 2 Blake breakers, 7 X 10 inches, crushing to 1 inch. To (6). 

6. From (4), (5), (23), (24). Two No. 1 bucket elevators. To (7). 

7. Two No.. 2 trommels with 22.2-mm. round holes. Oversize to (14) ; under- 
size to (8). 

8. Two Nof 3 trommels witl^ 9.5-mm. round holes. Oversize to (15) ; under- 
size to (9). 

9. From (8) apd (53). Two No. 4 trommels with 5-mm. round holes. Over- 
size to (t7) ; undersize to (10). 

10. Two No. 5 trommels with 2|-mm. round holes. Oversize to (18) ; under- 
size to (11) 

II. Np. 1 unwatering box. Spigot to (12) ; overflow to (13). 

12. Two No. 1 hydraulic classifiers, each with 4 spigots. 1st spigot to (19) ; 
2d to (20) ; 3d to (21) ; 4th to (22) ; overflow to (13). 

, 13. From (11), (12), (22), (29), (33). No. 1 wfiole (*urrent ho\ ('ln^^ifi('r. 
Two sets of tapks with 4 tanks in series in each set, and 4 spigots in eacli tank. 
Spigots to twelve upper decks and eight lower (l(‘eks of (40) ; overflow to (19). 

14. From (7). Two No. 1 jigs. 1-sieve IFarz jigs. I)isefiarg(‘ to (16); 
hutch to (15) ; tailings to (23). 

15. From (8) and) (14). Two No. 2 jigs. 2-sieve Harz jigs. Discharge's 
to (16) ; hutches to (17) or (44) ; tailings to (24). 

16. From, (14) and (15). No. 1 unwatoring screen. Oversize to (18); 
undersize (water only) to bo used on (15), (17), (18), (19), (20), (21), (22). 

17. From (9) and (15). Eight No. 3 jigs. 2-sieve Evans jigs. Discharges 
and hutches to (44) ; tailings to (25). 

19. Froip (10). Eight No. 4 jigs. 2-sieve Evans jigs. Products like (17). 

19. From /12). Two No. 5 jigs. 2-sieve Evans jigs. 2d discharge to (34) ; 
1st and 2d hutches to (43) ; tailings to (49). 
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20. From (12). Two No. 6 jigs. 2-sieve Evans jigs. Products like (19). 

21. Prom (12). Two No. 7 jigs. 2-sieve Evans jigs. Products like (19). 

22. Prom (12). Two No. 8 jigs. 2-sieve Evans jigs. 2d discliarge to (34) ; 

1st hutch to (43) ; 2d to (13) ; tailings to (49). 

23. Prom (14). One pair of No. 1 rolls, 26 X 15 inches, set 4 inch apart. 
To (6). 

24. From (15). One pair of No. 2 rolls, 26 X 15 inches, set i inch apart. 
To (6). 

25. From (17) and (18). No. 2 unwatering box. Spigots to (26) ; overflow, 
(water only) to be used on (40) and (42). 

26. From (25) and (28). One No. 2 bucket elevator. To (27). 

27. One No. 6 trommel with 2.5-mm. round holes. Oversize to (28) ; under- 
size to (29). 

28. One pair of No. 3 rolls, 26 X 15 inches, set close together. To (26). 

29. From (27). Two No. 2 hydraulic classifiers with 4 spigots each. 1st 
spigot to (30) ; 2d to (31 ) ; 3d to (32) ; 4th to (33) ; overflow to (13). 

30. Two No. 9 jigs. 2-sieve Evans jigs. Products like (19). 

31. From (29). Two No. 10 jigs. 2-sieve Evans jigs. Products like (19).* 

32. Fvom (29). Two No. 11 jigs. 2-sieve Evans jigs. Products like (19). 

33. From (29). Two No. 12 jigs. 2-sieve Evans jigs. Products like (22). 

34. From (19), (20), (21), (22), (30), (31), (32), (33), (38). (39), (58), 
(59), (60). No. 5 bucket elevator. To (35). ^ 

From here on the three sections of the mill ire described together. 

All Three Sections United. 

35. Four 5-foot Huntington mills, using a screen with 1.5^mm. slots. By dis- 
tributor to (36). 

36. Three No. 3 hydraulic classifiers with four spigots each. Spigots to (38) 
and (39) ; overflow to (37). 

37. From (36), (55) and (56). One No.’ 2 whole current box classifier. 
Spigots to four lower decks of (40) ; overflow to (49). 

38. From (36). Six No. 13 jigs. 3-sieve H’arz jigs. 3d discharge to (43) ; 
1st and 2d hutches to (43) ; 3d to (34) ; tailings to (49). 

39. From (36). Six No. 14 jigs. 3-sieve Harz jigs. Products like (38). 

40. Pulp from (13) and (37) ; wash water from (25). Twelve 2-deck con- 
vex revolving slime tables. Heads of both decks to (43) ; middlings and tail- 
ings to (41). 

41. One No. 3 whole current box classifier. Spigots to (42) ; overflow to 
(49). 

42. Pulp from (41) ; wash water from (25). Twenty 4-foot Frue vanners. 
Heads to (43) ; tailings to (49). 

43. From (19), (20), (21), (22), (30), (31), (32), (33), (38). (39), (40), 
(42). Three No. 3 bucket elevators. To (44). 

4i. From (15), (17), (18), (43), (58), (59), (60). No. 1 .settling tanks. 
Three sets with four tanks in series in each set. Settlings by gate periodically 
to (46) ; overflow and drainings to (45). 

45. No. 2 settling tanks. Six sets with four tank‘^ in -cries in each set. 
Settlings shoveled periodically to (46) ; overflow to (47). 

46. From (44) and (45). Bins for concentrate'^. Three -ets with four in 
each set. Each bin is 10 feet long, 12 feet wide with bottom "^loping 45® By 
car to smelter. 

47. From (44) and (45). No. 3 settling tank. Settlings by car to smelter; 
overflow to (49). 
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48. From (16), (57). No. 4 bucket elevator. By ears to smelter. 

49. From (13)^ (l^)j (^1)? (38), 

(39), (41), (42), (47), (59), (60). Tailings launder to waste. 

Steam Stamp Section. 

50. From (1). Grizzly. Oversize to (51) ; undersize to (52). 

51. From (50), (53), (57). Steam ^tamp using a screen with 12.7 and 
19.1-mm. round holes. To (52). 

52. From (50) and (51). No. 6 bucket elevator. To (53). 

53. Two No. 7 trommels. Each sectional with 9.5 and 22.2-mm. round holes. 
Over 22.2 mm. to (51) ; through 22.2 on 9.5 mm. to (57) ; through 9.5 mm. to 
(54) or (9). 

54. Three No. 8 trommels with 5-mm. round holes. Oversize to (58) ; under- 
size to (55). 

55. One No. 3 unwatering box. Spigots to (56) ; overflow to (37). 

56. Three No. 4 hydraulic elassiflers with four spigots each. Spigots to (59) 
and (60) ; overflow to (37). 

57. From (53). One No. 15 jig. 2-sieve Harz jig. Discharges by unwater- 
ing screen to (48) ; hutches to (58) ; tailings to (51). 

58. From (54) and (57). Six No. 16 jigs. 2-sieve Harz jigs. Discharges 
and hutches to (44) ; tailings to (34). 

59. From (56). Six No. 17 jigs. 3-sieve Harz jigs. Discharges to (44); 
1st and 2d hutches to (44) ; 3d hutch to (34) ; tailings to (49). 

60. From (56). Six No. 18 jigs. 3-sieve Harz jigs. Products like (59). 

Power is derived from falls in the Missouri Eiver at this point and is trans- 
mitted to the mill by wire rope transmission. 

Water is pumped to the mill from the river by a Roots rotary pump. 

In this mill note that the hutches of No. 1 and No. 2 jigs are finished on the 
next jig; also that all coarse tailings are recrushed. 

In this mill the steam stamp section described above has now been abandoned 
owing to the difficulty of handling the large amount of fine slimes formed by the 
stamp, and it has been changed over to be like the two other sections. This 
change made an addition necessary to accommodate the middlings plant, 

(35) — (39), which formerly occupied space in the sleam stamp section. All 
three sections of the mill can now be run at the same time and the* number of 
Huntington mills (35) has been increased to seven and tli(‘ oilu'r machines, 

(36) — (39), increased to correspond. Furthermore a second mill has been 
built with throe sections and a middlings plant — a duplicate of the first mill, 
except that Evans jigs are used in (38) and (39), — and the eapaeitv of each 
mill is now 1,200 tons or more in 24 hours. The incfreas(‘d capacity is due 
entirely to better arrangement. 

§701. Mill No. 39. Butte and Boston Mining -Company, Ruttr. Mon- 
tana. — Capacity 500 tons in 24 hours. Th(' mill runs 2A hours per day, 7 days 
per week. The ore consists of the economic minerals bornite, chalcopyrite, 
enargite, pyrite, blende with some silver minerals and a gangiu^ of (jiiartz and 
some decomposed feldspar. The problem is to save tbe copper and silver with- 
out the zinc. The ore is hand picked in the mine into three classes: (a) rich 
ore which goes to smelter; (&) concentrating ore by hopper bottom cars 
holding 5 tons i mile to (1) ; (c) waste left in the mine. 

1. Two receiving bins with flat bottoms, holding 246 tons each. By chute 
to (2). 

2. Two No. 1 Blake breakers, 9X15 inches, eimshing to 24 inches. To (3). 

3. Two No. 1 trommels. Each sectional with 38.1 and 54-mm. round holes. 
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Over 51 mm. to (4) ; through 54 on 38.1 mm. to (15) ; through 3S.1 mm. to (5). 

4. From (3) and (15). Two ^To. 2 Blake breakers. 4 X 10 inches, crushing 
to 1 inch. To (5). 

5. From (3), (4) and (7). Two No. 2 trommels. Each sectional with 38.1 
and 15-mm. round holes. Over 38.1 mm. to (6) ; through 38.1 on 15 mm. to 
(16) ; through 15 mm. to (8). 

6. From (5) and (16). Two pairs of No. 1 rolls, 30 X 16 inches, set inch 
apart. To (7). 

7. From (6), (15), (16), (17), (18). Two No. 1 bucket elevators. To (5). 

8. From (5). Two No. 2 bucket elevators. To (9). 

9. Four No. 3 trommels with 8.5-mm. round holes. Oversize to (17) ; under- 
size to (10). 

10. Four No. 4 trommels with 4.5-mm. round holes. Oversize to (19) ; under- 
size to (11). 


11. Two distributing boxes, each 3 feet long, 2 feet wide, feet deep. 

1st spigot to 


1st spigot to 


Two spigots to (12). 

12. Four No. 1 hydraulic classifiers with two spigots each. 

(20) ; 2d to (21) ; overflow to (13). 

13. Four No. 2 hydraulic classifiers with two spigots each. 

(22) ; 2d to (23) ; overflow to (14). 

14. Four No. 1 whole current box classifiers each with three spigots. Spigots 
to sixteen vanners of (31) ; overflow to (34). 

15. From (3). Two No. 1 jigs. 1-sieve Harz jigs, 
hutch to (7) ; tailings to (4). 

16. From (5). Two No. 2 jigs. 1-sieve Harz jigs, 
hutch to (7) ; tailings to (6). 

17. From (9). Four No. 3 jigs. 1-sieve Harz jigs, 
hutch to (7) ; tailings to (18). 

18. One pair of No. 2 rolls, 26 X 15 inches, set close together. To (7). 

19. From (10). Four No. 4 jigs. 3-sieve Harz jigs. Discharges and hutches 

to (32) ; tailings to (24^ ^ ^ . n 

20. From (12). Four No. 5 jigs. 3-sieve Harz ,iigs. Products like 

Four No. 6 ji^. 3-sieve Harz jigs. Products like 

Four No. 7 jigs. 4-sieve Harz jigs. Hutches to 


Discharge to 
Discharge to 


Discharge to 


21. From (12). 

22. From (13). 
tailings to (24). 

23. From (13). 

24. From (19), 


(33); 
(33); 
(32) ; 


(19). 
(19). 
(32) ; 


Spigots to (28) ; 


Four No. 8 jigs. 4-sieve Harz jigs. Products like (22). 
(20), (21), (22), (23), (30). Four 5-foot Huntington 
mills using screen with 2-J X 12-J-mm. slots. To (25). 

25. Two No. 3 hydraulic classifiers with two spigots each. 

overflow to (26). . o. • x x . 

26. Two No. 4 hydraulic classiflers with 1 spigot each. Spieot to (-..M . 

overflow to (27). ^ ^ i o • + 

27. Five No. 2 whole current box classifier- uith two s])igot'= eaoli. Spigots 

to four vanners of (31) ; overflow to (34). ^ 

28 From (25). Four No. 9 jigs. 4-sievo Harz ]i£r'=. 4th di-charge to 
’ 1st, 2d and 3d hutches to (32) ; 4th to (30) : tailim:- to (34). 

From (26) Thvo No. 10 jig^. 4-sicve Harz jig^. Pro-iiiict- like (.x). 
From (28) and (29). One No. 3 bucket ole^ator. To (24) 

31. From (14) and (27). Twenty 4-foot Friie vanner>. Head- to (321: 

( 19 ). (20), (21). (22). (23). (2R). (29). (31). Two No ' 

(32). Nine No. 1 settling tanks for concentrat<-. 


(30); 

29. 

30. 
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each about 12 X 13 X 15 feet deep. Settlings after draining are discharged by 
gates to cars to go to smelter ; overflow pumped back to water supply tank. 

34. From (14), (27), (28), (29), (31). Tailings launder to waste pile. 

The power is derived from four fire tube boilers 14 feet long and 54 inches 
diameter, running under a pressure of 100 pounds per square inch, and, a cross 
compound engine with high pressure cylinder 14 X 42 inches and low p^-essure 
24 X 42 inches, making 86 revolutions per minute, cutting off at ^ strp)ce and 
developing 250 indicated horse power. 

Water is derived from three sources: — 1,440,000 gallons per 24 bfi^rs are 
pumped from the creek up 75 feet to a tank at the top of the mill by a cppipound 
Blake pump; 700,000 gallons are repumped from the settling tanks (33) to the 
store tanks; 1,000,000 gallons flow into the mill. ,i 

One hundred tons of ore yield about 40 tons of concentrates and 60 tons of 
tailings. 

In this mill note the rather m^usual duplication of trommel holes in (3) and 
(5) in order to be able to treat original stuff together with middlings. 

By recent changes the vanners (31) have been replaced by convex revolving 
slime tables followed by Wilfley tables. The slime tables make heads to the 
smelter and tailings to the Wilfley tables. The latter make heads to the smelter 
and tailings to waste. 

§ 702. Mill No. 40. Colorado Smelting and Mining Company, Butte, 
Montana. — (See Figs. 519a and 5195.) — Capacity of the mill is 275 to 300 tons 
per 24 hours for the section treating ore from the company’s mine and 125 to 150 
tons for the section, treating custom ores. The ore eonsists of the economic min- 
erals pyrite, blende, bornite, enargite, chalcopyrite, chafcocite, tetrahedrite and 
tennantite, mostly in coarse crystallization but sometimes finely disseminated, 
and a gangue of quartz, with some decomposed granite and a little barite. The 
problem is to save the copper and silver without the zinc. In tlic tninc low grade 
blende containing only 10 or 20 ounces silver per ton is loft awaiting a market. 
The rest of the material is classed into ore which is of high grade suitable to 
hand pick and that which is not. Both classes are hoisted and. trammed in end 
dumping cars holding 1,800 pounds to the rock house, the former going to (1) 
and the latter to (3). 


Boc^^ IJoiisp. 

1. Two No. 1 grizzlies with H-inch spaces. Oversize to (2) ; undersize to (3) 

2. Two picking floors. Clean smelting ore (copp(‘r, zinc and silver) by teams 
to smelter; pure zinc ore (zinc and silver) for a separate' smelting treatmi'nl; 
waste to dump; residue or concentrating ore to (3). 

3. From the mine, (1) and (2). Two No. 1 or rock-hous(' bins ('acdi 60 feet 
long, 13 feet wide, with bottoms sloping 52°, and holding (>50 tons each. Ky 
gate and chute to 4-horse wagons, holding 51 tons, 2 miles to (d ). 

Mill 

4. Four No. 2 or receiving bins, two of them holding 150 tons (‘acli for the 
company’s ore and two holding 200 tons each for custom ore. Bv gate and chute 
to (5). 

From this point on only the company’s section of tlu' mill will be dcheribod. 
The other section is an exact duplicate of it. 

5. One No. 1 Blake breaker, 9 X 15 inches, erusliing to 2 inches^ To (6). 

6. From (5), (9) and (16)._TwoNo. 1 bucket eh'vators. To (7). 

7. Tw^o No. 1 trommels with 20-mm. round holes. Oversize to (8) ; undersize 

to (10). ^ 
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2 Blake breakers, 7 X 10 inches, crushing to 1 inch. To (9) 
S 01^0. 1 rolls * 30 X 16 inches, set 4- inch pnart. Tn 


To (6), 
Oversize 


to 


Oversize to (17) ; under- 
Oversize to (18) ; under- 
Spigots to (19) ; 


9. Two pairs oi ino. i rolis,=*= 30 X 16 inches, set i inch apart. 

10. From (^)- Two No. 2 trommels with 7-mm. round holes. 

(15); undersize to (11). 

11. Two No. 3 trommels with 4.5-mm. round holes, 
size to (12). 

12. Two No. 4 trommels with 3-mm. round holes, 
size to (13). 

13. Two No. 1 hydraulic classifiers, each with four spigots, 
overflow to (14). 

14. From (13) and (25). Two No. 1 whole current box classifiers in serie> 
with 8 spigots in, each. Spigots to (28) ; overflow none. 

15. From (10). Two No. 1 jigs. 1-sieve Harz jigs. Discharge to (29) ; 

hutch to (20) ; tailings to (16). ^ 

16. One pair of No. 2 rolls, 30 X 16 inches, set ^ inch apart. To (6). 

17. From (11). Three No. 2 jigs. 3-sieve Harz jigs. Discharges and 
hutches to (31) ; tailings to (20). 

18. From (12). Three No. 3 jigs. 3-sieve Harz jigs. Products like (17). 

19. From (13). Six No. 4 jigs. 3-sieve Harz jigs. 1st and 2d discharges 

to (31) ; 3d to (20) ; hutches to (31) ; tailings to (35). 

20. From (15), (17), (18), (19), (26), (27). One unwatering trommel 

with 2i-mm. round holes. Oversize to (21) ; undersize to (22). 

21. From (20) and (24). One pair of No. 3 rolls,t 30 X 16 inches, set clos^' 
together. To (23). 

22. Prom (20). One No. 1 unwatering box. Spigot to (23); overflow is 
clear water to be used again in the mill. 

23. From (21) and (22). ^ One No. 2 bucket elevator. To (24). 

24. One No. 5 trommel with 3-mm. round holes. Oversize to (21) ; under- 
size to (25). 


25. One No. 2 hydraulic classifier with 2 spigots. 1st spigot to (26) ; 2d to 
(27) ; overflow to (14). 

26. Two No. 5 jigs. 3-sieve Harz jigs. 1st and 2d discharges to (30) ; 3d to 
(20) ; 1st and 2d hutches to (30) ; 3d to (20) ; tailings to (35). 

27. From (25). Two No. 6 jigs. 3-sieve Harz jigs. Products like (26). 

28. From (14). Sixteen 4-foot Frue vanners. Heads to (30); tailings to 
(36). 

29. From (15). One pair of No. 4 rolKI 27 X 14 inches. To (32). 

30. From (26), (27) and (28). One No. 3 bucket elevator. To (31). 

31. From (17), (18), (19), (30), (33). One No. 4 bucket elevator. To 

(32) . 

32. From (29) and (31). Fourteen No. 1 settling tanks for concentrates, 

holding 100 tons each, used in rotation. Tt takc'i 24 hours to fill a tank, 48 

hours to settle and drain it and 24 hours to discharge it. Settlincrs -ontaining 
4% moisture, by cars, holding 14 tons, to smelter; overflow and drainings to 

(33) . ‘ ■ 

33. No. 2 settling tanks. 3 tank*^ in serie-. Spigot^ to (31) , overflow to 

(34) . 

34. One No. 5 bucket elevator lifting water to a tank whieh ^upplie'=; the jigs 


and vanners. I 

35. From (19), (26), (27). One No 6 hucket elevator. To (36). 

36. From (28) and (35), Tailings launder, 1,100 feet long, to waste. 


* These are called No. 1 rolls and No 8 rolls throiisrhoiit the rest of the book-. 
+ The«!e flrp railed No. 4 rolls el«;ewhere throngrhonC the hooV 
t Sf'e (SI) for the rolls which are called No. 4 rolls else\N here jn the boot 






980 


VltE VREHSIKG. 


§ to% 



FIG. 61da. — SECTION OF MILL 40. 





FIQ. 619 &. — ^PLAN OF MILL 40 . 
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The mill employs 23 men per 24 hours, divided into two shifts of 12 hours 
each: 2 engineers, 2 firemen, 2 foremen, 2 breaker men, 4 jig men, 2 vanner men, 
2 pump men, 3 trammers, 2 oilers, 1 weigher and 1 roustabout. Wages var}’- 
from $3 to $4.50 per shift. Board’ costs $25 per month without lodging or 
$30 with lodging. Wood costs $4 per cord and coal $3.50 per ton. 

Power is furnished by 3 fire-tube boilers, 16 feet long. 54 inches diameter, 
with tubes 34 inches diameter, running under a pressure of 100 pounds per 
square inch and burning 6.6 tons of coal per 24 hours; and a tandem compound 
condensing Corliss engine with high pressure cylinder 14 X 42 inches and low 
pressure 24 X 42 inches, making 81 revolutions per minute and rated at 200 
horse power with steam pressure at 95 pounds and a vacuum of 21^ inches of 
mercury. The high pressure cylinder cuts off at ^ stroke. The mill and 
dynamo require 171 to 177 horse power. 

The water is obtained principally from Black Tail Creek, being pumped 2,800- 
feet and to a height of 90 feet through a 10-ineh pipe by a I^To. 5 Roots rotary 
pump driven by a 60-horse power electric motor making 600 revolutions per 
minute and using 50 amperes with 350 volts. The current is transmitted 
2,800 feet through No. 2 copper wdre from a direct current dynamo driven by 
the mill engine, making 600 revolutions per minute and delivering 50 amperes 
at 550 volts. When necessary, water is taken from Silver Bow Creek, but this 
is objectionable as it has been already used by several mills above. The 
amount of water pumped to the mill is 864,000 gallons per 24 hours and in addi- 
tion 200,000 gallons are re-elevated by No. 5 elevator (34). The mill water 
is received in a tank at the top of the mill and part of it flows from this tank 
through the condenser for the engine anfl back to another tank which supplies the 
jigs and vanner s. 

Assays are as follows: 



Cop|)er. ' 

SUyer. 

Ounces per Ton. 

Zinc. 

% 

Gangnp. 

% 

Picked smelting or© 

18 to 23 

4.5 to 6.5 

10 to 12 
1.5tol.8 

25 to 30 

8 to 10 



Concentrating ore 

0 to 1 
ft a 

SO to 85 

Concentrates 

18 to 24 

2.6 to 3 

O uO O 

Q fj-k 19 

60 to 65 

Tailings 

o to 

15 to 17 


One hundred tons of ore from the mine yield about 3 tons of hand picked 
copper smelting ore, less than 4 ton of hand picked zinc ore and about 96 tons of 
^ncentrating ore which yields 32 tons of concentrates andi 64 tons of tailings. 
The mill saves SO to 85% of both the copper and silver. 

§ 703. !Mill No. 41. Parrot Silver and Copper Mining Company, Butte, 
aIontana. Capacity 300 to 350 tons per 24 hours, usually, although it can 
run up tons. The mill runs 24 hours per day, 7 days per week. The ore 

consists of the economic minerals chalcocite, bornite, chalcopyrite, enargite, and 
blende, mostly in coarse crystallization, but sometimes finely disseminated, and 
a gan^^e of quartz and decompo-^ed feldspar. The problem is to save the copper 
and silver without the zinc. The ore is sorted in the mine into rich ore which 
goes to the smelter and concentrating ore which is brought bv gravity in sidle 
dumping cars holding 8 tons each, to (1). o . & j 

ton^' ^To ^ 2 ) ^ bottom sloping three ways holding 400 

2. One No. 1 Blake breaker, 9 X 15 inches, crushing to 2 inches. To (3). 

3. From (2) and (7). One No. 1 trommel with 15.9-mm. round holes 
Oversize to (4) ; undersize to (8). 

4. One Xo. 2 Blake breaker. 7X10 inches, cmshinff to 1 inch To tSl 

5. One pair of No. 1 rolls. 30 X 15 inches. To (6). 
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6. One pair of No. 2 rolls, 30 X 15 inches, set close together. To (7). 

7. Prom (6) and (25). One No. 1 bucket elevator. To (3). 

8. From (3). Two No. 2 trommels with 9.5-mm. round holes. Oversize to 
(17) ; undersize to (9). 

9. Two No. 3 trommels with 6.35-mm. round holes. Oversize to (18) ; 
undersize to (10). 

10. Two No. 4 trommels with 3.2-mm. round holes. Oversize to (19) ; 
undersize to (11). 

11. Two No. 1 unwatering boxes, each with one spigot. Spigots to (12) ; over- 
flow probably to (14) or (15). 

12. No. 1 hydraulic classifier with six spigots. 1st spigot to (20) ; 2d to 
(21) : 3d to (22) ; 4th to (23) ; 5th to (24) ; 6th not used; overflow to (13). 

13. One No. 2 hydraulic classifier with six spigots. Spigots to (38) ; over- 
flow to (14). 

14. From (13) and (33). No. 1 whole current box classifier with eight sets 
of spigots with six spigots in each set. 1st, 2d and 3d sets of spigots to (38) ; 
rest not used; overfiow to (15). 

15. One No. 2 whole current box classifier with four spigots. Spigots to 
(38) ; overflow to (16). 

16. From (15) and (39). Three No. 1 settling tanks. Settlings to smelter; 
overflow to (40). 

17. From (8). Two No. 1 jigs. 2-sieve Harz jigs. Discharges to (39); 
hutches and tailings by No. 2 bucket elevator to (25). 

18. From (9). Two No. 2 jigs. 3-sieve Harz jigs. Discharges to (39); 

1st and 2d hutches to (39) ; 3d hutch to (26) ; tailings to (26). 

19. From (10). Two No. 3 jigs. 3-sieve Harz jigs. Products like (18). 

20. From (12). Two No. 4 jigb. 3-sieve Harz jigs. 1st and 2d discharges 

to (39) ; 3d to (29) ; 1st and 2d hutches to (39) ; Sd to (29) ; tailings to (40). 

21. From (12). Two No. 5 jigs. 4-sieve Harz jigs. 4th discharge to (29) ; 
1st, 2d and 3d hatches to (39) ; 4th to (29) ; tailings to (40). 

22. From (12). Two No. 6 jigs 4-sieve Harz jigs. 1st, 2d and 3d hutches 
to (39) ; 1th to (29) ; tailings to (40). 

23. From (12). Two No. 7 jigs. 4-sieve Harz jigs. Products like (22). 

24. From (12). Two No. 8 jigs. 4-sieve Harz jigs. Products like (22). 

25. From (17). One pair of No. 3 rolls, 30 X 15 inches, set close together. 
To (7). 

26. From (18), (19) and (28). One No. 3 bucket elevator. To (27). 

27. One pair of No. 4 rolls, 30 X 15 inches, set close together. To (28). 

28. From (27) and (30). One No. 5 trommel with 3.2-mm. round holes. 
Oversize to (26) ; undemze by No. 4 bucket elevator to (31). 

29. From (20), (21), (22), (23), (24). (34), (35), (36) and (37). One 
No. 5 bucket elevator. To (30). 

30. One pair of No. 5 rolls, 30 X 15 inches, ^t clo^e together. To (28). 

31. From (28). One No. 3 hv’draulic elasrifier with four spigots. 1st and 2d 
spigots to (34) ; 3d and 4th to (35) ; overflow to (32). 

32. One No. 4 hydraulic classifier with four spigots. 1st and 2d spigots to 
(36) ; 3d and 4th to (37) ; overflow to (35). 

33. One No. 5 hydraulic classifier with two spigots. Spigots to (38) ; over- 
flow to (14). 

34. EVom (31). Two No. 9 jigs. 3-sieve Harz jigs. l«it and 2d di^scharges 
to (39) ; 3d to (29) ; 1st and 2d hutches to (39) : 3d to (29) : tailings to (40). 

35. From (31). Two No. 10 jig<. 3-sieve Harz jig-'^. 3d di-charsre to (29) ; 
1st and 2d hutches to (39) ; 3d to ^29) ; tailings to (40). 
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i36. From (3*^). Two No. 11 jigs, u-^iove Harz jigs. 1st and 2d hutclies 
to (39) ; 3d to (39) ; tailings to (10). 

37. From (33). Two No. 13 jigts. 3-sieve Haiz jigs. Products like (36). 

38. From (13), (14), (lo) and (33). Four 4-foot Frue vaimers, three 5-foot 
Tulloeh vaimers, two 4-foot Tullodi vanners, four 4-foot Embrcy vanners and 
two lni})roved Embrey vanners. Heads to (39) ; tailings to (40). 

39. From (17), (18), (1!)), (30), (31), (33), (33), (34), (34), (35), (36), 

(37) and (38). No. 3 settling tank for concentrates. Settlings to smelter; over- 
flow to (16). 

40. From (16), (30), (31), (33), (33), (34), (34), (35), (36), (37) and 

(38) . Tailings launder to waste. 

Power is furnished by a steam engine developing 150 to 160 indicated horse 
power. This engine also runs the blower and breaker for the smelter. 

The water used is 4,000 gallons per ton of ore, or 1,300,000 to 1,600,000 gallons 
per 34 liours. 

(i) THE STEAM STAMP MILLS CONCENTRATING COPPER SULPHIDES IN MONTANA. 

§ 704. This group includes Mills 43 and 43. They use (1895) steam stamps, 
cdassifiers, roughing Collom jigs, finishing Collom jigs and slime tables, or slime 
tables and vanners. The middlings are treated % auxiliary steam stamps or 
rolls, classifiers, roughing jigs, finishing jigs and tables. The steam stamps are 
found to slime the copper sulphides much more than roils.* On this account in 
Mill 43 several steps are taken to counteract these effects: (1) All the fines that 
are small enough for the Collom jigs are taken out by screens before the ore is 
fed to the stamps. (2) The stamp uses a screen with large holes, and on soft 
ore the pulp then goes to a revolving screen with holes small enough to send 
undersize to Collom jigs ; the oversize is sent to Harz jigs and the tailings of 
tliese jigs are treated as middlings. (3) All the overflows of classifiers are 
saved and settled in tanks yielding smelting material. 

^ 705. Mill No. 42. Anaconda Copper Mining Company, Carroll (near 
Anaconda) Montana. — Capacity 2,500 to 3,700 tons (later over 3,000 tons) 
per 34 hours, with six stamps running. The mill runs 34 hours per day, 7 
days per week. The ore consists of the economic minerals chalcocite, chalco- 
pyrite, pyrite, enargite and blende, mostly in coarse cr}'stalli 2 ation, but some- 
times finelv disseminated, and a gangue of quartz and decomposed feldspar. 
The problem is to save the copper and silver without the zinc. The ore is hand 
picked in the mine into rich ore, which goes to smelter, and hard concentrat- 
ing ore and soft concentrating ore, which go separately in railroad cars 37 miles 
ro ( 1 ) and (5). The earlier part of the mill is divided into two sections, one 
for hard ore and one for soft ore. Later both sections come together. 

Hard Ore Section. 


1. Four No. 1 or receiving bin^ for hard ore, with sloping bottoms, holding 
about 3,000 tons each. By gate and chute to (3). 

3. Four No. 1 vibrating grizzlier with 1-inch spaces. Oversize is separated 
by hand picking into rich ore to smelter and residue to (4) ; undersize to (3). 

3. Four No. 1 trommels with 6.:35-mm. round holes. Oversize by four No. 1 
bucket elevators to (4) ; undersize to (13). 

4. From (3) and (3). Four Fra.ser & Chalmers and Union Iron Works 
.steam stamps on hard ore, using screens with 4.76 X 9.53-mm. slots. To (13). 

* .\t the date of publication of this book (1903) the use of steam stamps for these ores has been entirely 
given up. 
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Soft Ore Section. 

5. From the mine. Four Xo. 2, or receiving bins for soft ore, with sloping 
bottoms, holding about 3,000 tons each. By gate and chute to (6). 

0. Four Xo. 2 vibrating grizzlies with 1-inch spaces. Oversize is separated 
by hand picking into rich ore to smelter and residue to (9) ; undersize to (7). 

7. Four Xo. 2 trommels with 12.7-mm. round holes. Oversize by Xo. 2 
bucket elevators to (9) ; undersize to (8). 

8. Four No. 3 trommels with 6.35-mm. round holes. Oversize to (11); 
undersize to (13). 

9. From (6) and (7). Four Fraser & Chalmers and Union Iron Works 
steam stamps on soft ore, using screens with 12.7-mm. round holes. To (10). 

10. Four No. 4 trommels with 6.35-mm. round holes. Oversize to (11) ; 
undersize to (13). 

11. From (8) and (10). Sixteen Xo. 1 jigs. 1-sieve Harz jigs. Discharge 
and hutch to (42) ; tailings to (12). 

12. One Ball steam stamp on middlings, using screens with 4.76 X 9.52-mm. 
slots. To (13). 


Hard and Soft Ore Sections Together. 

13. From (3), (4), (8), (10), (12). Forty-four Xo. 1 hvdraulic classifiers, 
each with three spigots. Twelve treat stuff from (3) and (8), and thirty- 
two from (4), (10), (12). 1st spigots to (14) ; 2d to (15) ; 3d to (16) ; 4th 
to (17) ; overfiow to (38). 

14. Forty-four No. 2 jigs. 2-sieve Collom jigs. Discharges and hutches to 
(42) ; tailings to (18). 

15. From (13). Forty-four No. 3 jigs. 2-sieve Collom jigs. 2d discharge 
to (42) ; hutches to (42) ; tailings to (iS). 

16. From (13). Forty-four No. 4 jigs. 2-sieve Collom jigs. 1st hutch 
to (42) ; 2d to (21) ; tailings to (46). 

17. From (13). Forty-four No. 5 jigs. 2-sieve Collom jigs. Products 
like (16). 

18. From (14) and (15). No. 1 unwatering boxes. Spigots to (19) and 
(20) ; overflow pumped up to water tank for steam stamps. 

19. Twen tv-four No. 6 jigs. 2-sieve Collom jigs. Discharges to (30) ; 1st 
hutch to (42) ; 2d to (24) -/tailings to (46). 

20. From (18). Twentv-four No. 7 jigs. 2-sieve Collom jigs. 1st hutch 
to (42) ; 2d to (24) ; tailings to *(46). 

21. From (16) and (17). No. 2 hydraulic classifiers, each with two spigot-. 
1st spigots to (22) ; 2d to (23) ; overflow to (38). 

22. Twentv-four No. 8 jigs. 2-sieve Collom jigs. 1st hutch to (42) : 2d to 

(27) ; tailings to (46). .. -d j ^ 

23. From (21). Twentv-four No. 9 ]igs. 2-sieve Collom ]igs. Products 

like (22). 

24. 'From (19) and (20) ‘NTo. hvdraulie cla«ifier.«. each with two spigots. 
1st spiffot> to (25) ; 2d to (26) ; overflow to (38). 

25. Twelve No. 10 jiars. 2-sieve Oollom jiff?. Prodaicts like (22). 

26! From (21). Twelve No. 11 jiffs. ’2-sieve Collom jigs. Products like 

( 22 ) 

27 From (22), (23), (25), (26), (36), (37). No. 4 hvdraulic classifiers 
each with two spigots. 1st spigots to (28) ; 2d to (29) ; overflow to (38). 

28. Twelve No. 12 jigs. 2-sieve Collom jigs. Hutches to (42) ; tailings to 
(46). 
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From (27). Twelve No. 13 jigs. 2-sieve Collom jigs. Products like 

(2S). 

30. From (19) and (31). One pair of No. 1 rolls, 22 X 16 inches, set close 
together. By No. 3 bucket elevator to (31). 

31. One No. 5 trommel with 2.5-mm. round holes. Oversize to (30) ; under- 
fcize to (32). 

32. Fourteen No. 5 hydraulic classifiers each with two spigots. 1st spigots, 
to (33) ; 2d to (34) ; overflow to (38). 

33. Fourteen No. 14 jigs. 2-sieve Collom jigs. 1st hutch to (42) ; 2d to 
(35) ; tailings to (46). 

34. From (32). Fourteen No. 15 jigs. 2-sieve Collom jigs. Products like 

(33) . 

35. From (33) and (34). No. 6 hydraulic classifiers, each with two spigots. 
1st spigots to (36) ; 2d to (37) ; overflow to (38). 

36. Twelve No. 16 jigs. 2-sieve Collom jigs. 1st hutch to (42) ; 2d to (27) ; 
tailings to (46). 

37. From (35). Twelve No. 17 jigs. Products like (36). 

38. From (13), (21), (24), (27), (32), (35). No. 1 whole current box 
classifiers. Four sets with four tanks in series in each set and four spigots in 
each tank. Spigots to both decks of (39) and (40) ; overflow to (42). 

39. Forty-eight No. 1 convex revolving slime tables with two decks. Heads 
of both decks to (42) ; tailings to (41). 

40. From (38). Twenty No. 2 convex revolving slime tables with one deck. 
Heads to (42) ; tailings to (41). 

41. From (39) and (40). Twenty-four No. 3 convex revolving slime tables 
with one deck. Heads to (42) ; tailings to (46). 

42. From (11), (14), (15), (16), (17), (19), (20). (22), (23), (25), (26), 
(28), (29), (33), (34), (36), (37), (38), (39), (40), (41). Concentrates 
launder. To (43). 

43. Eight No. 1 settling tanks. Settlings by gates and ears to smelter; 
overflow to (44). 

44. Five No. 2 settling tanks. Settlings by car to smelter; overflow to (45). 

45. Three No. 3 settling tanks or ponds. Settlings by car to smelter ; overflow 
to (46). 

46. From (16), (17), (19), (20), (22), (23), (25). (26), (28), (29), (33), 

(34) , (36), (37), (41), (45). Waste launder to the river. 

The mill employs about 300 men per 24 hours, divided into three 8-hour shifts. 
Wages vary from $1.75 per day for boys to $3 for stamp men. Power is fur- 
nished by an 800-liorse power Corliss engine. 

Water is brought from the river by a flume 46 X 46 inches in section, sloping 
6 inches in 1,000 feet and running full. 

The concentrates contain 12 to 20% copper ; the coarse tailings contain 1-| to 
lf% copper; the later jig tailings contain 1:^ to 14% copper; the table tailings 
contain 2% copper. One hundred tons of ore yield 50 to 75 tons of concentrates. 

This mill has introduced Wilfley tables to replace some of the machines work- 
ing upon fine material. 

This company has recently replaced its old mill by an entirely new one. The 
latter is really two mills, in separate buildings with a power house between them. 
Each of the two mills contains four entirely independent sections, each section 
liaving a capacity of over 700 tons in 24 hours, this time including all ordinary 
<hut downs for renewing crusher plates, etc. The following is a description 
of a single section : 

The ore is 'deli\ered over two shaking grizzlies with IJ-inch round holes to a 
12 X 24-inch Blake breaker. The latter delivers to two trommels with IJ-inch 
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round holes. Each of these sends oversize to a 5 X 15-inch Blake breaker. The 
products of the latter, together with the undersize of the trommels and of the 
grizzlies, go to a box which divides the material to two 2s o. 1 bucket elevators. 
Each of the latter delivers to a line of trommels with 22-mm., 7-mm., 5-mm. and 

2- J-mm. round holes respectively. To treat these different sizes of ore there are 
two Harz jigs for the coarsest size, four Harz jigs for the next size, and twelve 
Evans jigs for each of the next two sizes. The undersize of the 2|-mm. trom- 
mels goes to two unwatering boxes, which deliver spigots to four Xo. 1 Evans 
classifiers and overflow to the tanks feeding the Wilfley tables. These classifiers 
send their spigot products to twelve Evans jigs. All of the jigs thus far men- 
tioned have two sieves each. The tailings from the coarsest Harz jigs go to^one 
pair of Xo. 1 (40 X 15-ineh) rolls; those from the other Harz jigs go to Xo. 2 
(40 X 15-inch) rolls. Both pairs of rolls ‘deliver to the Xo. 1 elevators. The 
first two sets of Evans jigs send tailings and the third set sends the discharge 
from the second sieves to two large V tanks. These deliver the sand by spigots 
to one Xo. 2 elevator and clean overflow water to be used in the Huntington mills 
and as hydraulic water on the last finishing jigs. The practically clean water 
flowing over the tails of the third set of Evans jigs is used as hydraulic water in 
the Xo. 2 hydraulic classifiers. 

Xo. 2 elevator delivers to four trommels, with l-|-mm. slotted holes, which 
send oversize to two pairs of Xo. 3 (40 X 15-inch) rolls and undersize to four 
Xo. 2 Evans classifiers. The rolls return their product to Xo. 2 elevator. The 
Xo. 2 classifiers feed twelve 3-sieve Evans jigs. These send tailings to two 
settling tanks which discharge the sand to waste and send the clear overflow to 
be used as wash water on Wilfley tables. Middlings from the last mentioned 
jigs go to one No. 3 elevator which delivers to three 6-foot Huntin^n mills 
having 1-mm. slotted screens. These mills deliver to two unwatering boxes 
which send spigots to four No. 3 Evans classifiers. The latter feed twelve 

3- sieve Evans jigs w'hich send tailings to waste and middlings back to Xo. 3 
elevator to be returned to the Huntington mills. 

The overflow from the hydraulic classifiers and from the unwatering boxes that 
feed the latter go to a number of V-shaped box classifiers. These send' their 
products to seventeen Wilfley tables on the upper table floor and sixteen Wilfley 
tables on the lower table floor. The box classifiers make two grades of table feed, 
the coarser being treated on separate tables from the finer. All of the tables 
deliver their middlings either directly or by an elevator to the box classifiers that 
feed the lower set of tables. The overflow of the box classifiers, together with 
the muddv water from the Wilfley tables, goes to large settling ponds. The 
settlings will be briquetted and smelted. Concentrates for the smelter are made 
on all the jigs and Wilfley tables. 

The power house contains two Xordberg triple expansion Corliss engines 
run condensing, each rated at 2,500 horse power but capable of developing about 
3,600 horse power. There is also a Fraser & Chalmers triple expansion Corliss 
engine, run condensing, rated at 1,000 horse power. This is held in reserve. In 
addition to running the mill these engines operate quite a large amount of elec- 
trical machinery. 

§ 706. Mill Xo. 43. Bftte Reduction Works, Butte, Montana. — Capae- 
ity*^ 150 tons in 24 hour-^. The mill runs 24 hours per day. 7 days per week. The 
ore is purchased from different mines and i^ concentrated and smelted by this 
company. It consists of the economic mineral^ chalcocite, hornite, chalcop}Tite, 
pvrite and blende and a gangue of quartz and decompo'^ed feldspar. The prob- 
lem is to save the copper and silver without the zinc. The ore comes in wagons 
with removable plank bottom<= and is dumped to (1). 

1. Five Xo. 1 or receivintr bin^. each holding 100 tnn=. By gates and chutes 
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to ears each holding 1,500 pounds which are dumped into a skip and hoisted 
to (2). 

2. One No. 2 or mill bin with bottom sloping three ways, holding 120 tons. 
By gate and chute to (3). 

3. One No. 1 grizzly with 1-inch spaces. Oversize to (4) ; undersize to (5). 

4. From (3) and (11). A Fraser & Chalmers steam stamp using screens 
with 11, 14 and 19-mm. round holes. To (6). 

5. From (3). One No. 1 trommel with 11-mm. round holes. Oversize to 
(11) ; undersize to (6). 

6. From (4), (5) and (22). Pour No. 1 hydraulic classifiers, each with 
four spigots. 1st spigots to (12) ; 2d to (13) ; 3d to (14) ; 4th to (15) ; over- 
flow to (7). 

7. One No. 1 unwatering box with three spigots. Spigots by No. 1 bucket ele- 
vator to (8) ; overflow to (10). 

8. One No. 1 whole current box classifier with four spigots. 1st spigot to 
(25) ; 2d to (26) ; 3d to (27) ; 4th to (28) ; overflow to (9). 

9. One No. 2 whole current box classifier with twelve spigots. Spigots to 
(30); overflow to (10). 

10. From (7) and (9). Three No. 1 settling tanks, only one used at a time. 
It takes about three months to fill a tank with mud. Settlings to smelter; over- 
flow to (39). 

11. From (5). One No. 1 jig. 1-sieve Harz jig. Discharge by belt conveyor 
to three small bins, 4X5X8 feet deep, with 60° bottom, to go to smelter; hutch 
to (18) ; tailings by No. 3 bucket elevator to (4). 

12. From (6). Four No. 2 jigs. 2-sieve modified Collom jigs. 1st dis- 
charge to (34) ; 2d to (18) ; hutches to (34) ; tailings to (38). 

13. From (6). Four No. 3 jigs. 2-sieve modified Collom jigs. 1st dis- 
charge to (34) ; 2d to (18) ; 1st hutch to (34) ; 2d to (16) ; tailings to (38). 

14. From (6). Four No. 4 jigs. 2-sieve modified Collom jigs. 1st hutch 
to (34) : 2d! to (17) ; tailings to (38). 

15. From (6). Four No. 5 jigs. 2-sieve modified Collom jigs. 1st hutch to 
(34) ; 2d to (17) ; tailings to (30). 

16. From (13), (23), (24). Two No. 6 jigs. 2-sieve modified Collom jigs. 
1st hutch to (31) ; 2d to (18) ; tailings to (38). 

17. From (14) and (15). Two No. 7 jigs. 2-sieve modified Collom jigs. 
Products like (16). 

18. From (11), (12), (13), (16), (17), (19) and (23). No. 1 rolls, 
30 X 16 inches, set close together. By No. 2 ]3ucket elevator to (19). 

19. One No. 2 trommel with 3-mm. round holes. Oversize to (18) ; undersize 
to (20). 

20. One No. 3 trommel with 2-mm. round holes. Oversize to (23) ; undersize 
to (21). 

21. One No. 2 unwatering box with two spigots. Spigots to (22) ; overflow 
used as clear water on (4), (23) and (24). 

22. One No. 2 hydraulic classifier. A flat bottomed box 8 X 12 X 5 inches 
deep with one spigot. Spigot to (24) : overflow to (6). 

23. From (20). One No. 8 jig. 3-sieve Harz jig. 1st and 2d discharges to 

(34) : 3d to (18) ; 1st and 2d butcher to (34) ; 3d to (16) : tailings to (38). 

24- From (22). One No. 9 jig. 3-sieve Harz jig. 1st and 2d discharges to 

(34) ; 3d not used : 1st and 2d hutches to (34) ; 3d to (16) ; tailings to (38). 

25. Prom (8). One No. 1 convex revolving slime table with two 'decks. A 
Clark step table. Heads of upper deck to (34) : middlings to lower deck; tail- 
ings to (39). Heads of lower deck to (29) ; middlings to (30) ;■ tailings i to (39), 
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26. From (8 ) . One Xo. 2 plain convex revolving slime table with two decks. 
Products like (25). 

27. From (8). One Xo. 3 convex revolving slime table vdth two decks. A 
Clark step table. Products like (25). 

28. From (8). One Xo. 4 plain convex revolving slime table with two decks. 
Products like (25). 

29. From (25), (26), (27), (28). One Xo. 2 settling tank. Settlings to 
smelter ; overflow to ( 39 ) . 

30. From (9), (15), (25), (26), (27), (28). Six 4-foot Frue vanners. 
Three treat stuff from (9), one from (15), and two from (25), (26), (27), (28). 
Heads wheeled to pile to go to smelter; tailings to (39). 

31. From (16), (17), and (34). One Xo. 4 bucket elevator. To (32). 

32. One Xo. 3 un watering box, with two spigots. 1st spigot to any one of 
(33) ; 2d to (35) ; overflow used as clear hydraulic water in (11). 

Sk Ten Xo. 3 settling tanks, holding 35 tons each. Settlings periodically to 
smelter; overflow to (35). 

34. From (12), (13), (14), (15), (23), (24), (25), (26), (27), (28). One 
Xo. 4 settling tank. Spigot to (31) ; overflow to (35). 

35. From (32), (33), (34). Two Xo. 5 settling tanks. Settlings period- 
ically to smelter ; overflow and drainings to (36) . 

36. One Xo. 6 settling tank. Settlings periodically to smelter; overflow and 
drainings to (37). 

37. One Xo. 7 settling tank. Settlings every two months to smelter; overflow 
to (39). 

38. From (12), (13), (14), (16), (17), (23), (24). Coarse tailings launder, 
200 feet, to waste dump. 

39. From (10), (25), (26), (27), (28), (29), (30) and (37). Fine tail- 
ings launder, 150 feet, to waste dump. 

The mill requires 16 men per 24 hours, divided into 2 shifts of 12 hours each: 
2 engineers, 2 firemen, 2 foremen, 1 hoisting skip man, 2 stamp men, 1 hoist 
man, 1 breaker man, 2 jig men, 2 table men, 1 settling tank man. The engineers 
and firemen also look after the power for the smelter. Board costs $30 per 
month, and slack coal $3.50 per ton. 

Power is furnished by two fire tube boilers, 48 inches diameter, 14 feet 
long with 52 tubes 3 inches diamieter, running under a steam pressure of 95 
pounds per square inch and burning 5 tons of slack coal per 24 hours, and an 
engine with cylinder 16 X 42 inches makins: 65 revolutions per minute. 

Water is pumped from a distance of 40 feet and up a height of 43 feet from 
Silver Bow Creek bv a Eoot rotary pump making 52 revolutions per minute and 
delivering 1,200 gallons per minute. Some water is also used over as indicated 
in the mill scheme. 

The crude ore contains 3 to 8% copper and 3 to 10 ounces silver per ton : the 
concentrates contain 6 to 15% copper and 6 to 20 ounces silver, and the tailings 
contain 0.8 to 1.8% copper and 0.8 to 3.0 ounce«5 silver per ton. One hundred 
tons of ore yield 35 to 40 tons of concentrates and 60 to 65 tons of tailings. The 
mill saves 70 to 85% of the copper and silver. 

This mill has been enlarged to have a capacity of 500 tons per 24 hours, and 
the steam stamp ha'^ been given up on account of the large amount of climes 
which it produced. Graded crushing hv breakers and rollc ic now u«ed and con- 
centrates are made bv the jigs as coarse as 1 inch. F^ome of the tailings which 
formerly went to waste are now recrushed and treated on Wilflev tables (see 
§493). 
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(;) COMPLEX JIGGIXG MILLS DRESSING NATIVE COPPER AT LAKE SUPERIOR, 
USING STEAM STAMPS, CLASSIFIERS, JIGS AND TABLES. 

§ 707. This group includes Mills 44 to 48 inclusive. The mine rock carrying 
the native copper is either a rhyolite conglomerate, an amygdaloid, or a vein 
stone. In all of them the copper is in larger or smaller irregular jagged frag- 
ments scattered through the rock. When in large masses it is cut up in the mine 
by trenching the mass with chisels. Smaller masses are blasted out and cleaned 
by steam hammer, drop hammer or hand hammer. Sizes smaller still are crushed 
by steam stamps, in which the larger fragments are broken and then abraded into 
rounded nuggets until the time for cleaning out the mortar arrives. The 
smaller are severed from the rock and broken up or remain attached to the rock 
as included grains; these all pass out through the screen to the concentrating 
machines. The copper coming from the stamps takes the following forms which 
are easy or difficult of separation as indicated: large nuggets from the mortar, 
easy; compact rounded grains, easy; compact broken grains, easy; thin leaf- 
like grains, difficult; thin branching forms, difficult; copper included in rock, 
difficult; very fine abraded copper, difficult. The separation is also rendered 
difficult by heavy minerals epidote and iron oxide (probably martite or 
octahedral hematite). The metal worn off the stamp shoes and drill steel is 
present but in very small quantity. 

The conglomerate mills have to contend with the fine abraded copper, the 
included grains and the thin fiaky arborescent forms. The amygdaloid mills 
have the same except that the included grains are much less in amount. The 
latter mills can on this account bring dovm the copper contents of the tailings 
to a much lower percentage than the former. Mill 44 treats included grains 
by grinder, classifier and jigs. Mills 45, 46, 47 and 48 send middlings back to 
the steam stamp. 

Rolls for crushing native copper rock have been tried and given up because of 
the large percentage of copper in thin forms which floated off in the jig tailings. 
Stamps break them up small enough to have normal settling capacity. 'Hie 
chief objection to stamps is the amount of very fine abraded copper made by them. 
The two directions to look for improvements are: (1) to catch the fine tank 
overflows and treat them; (2) to adopt measures to diminish the formation of 
abraded copper, by taking out copper nugorets earlier from the mortar. The 
schemes to do the latter are given at the ends of Mills 41 and 48 and the results 
of the experiments which led to the adoption of the scheme in Mill 48 have been 
given in § 118. 

These mills use hydraulic classifiers upon quite coarse material (4.76 mm.). 
They seek to avoid losses of fines in jigging, which would result from the imper- 
fections of hydraulic classifiers, by first running the material over roughing jigs 
which have a loose whole bed and thus deliver some sand into the hutch with the 
t'opper and then by re-treating these hutch products slowlv and gentlv on finishing 
jigs. 

The coupling up of two di^^imilar machines to supplement each other, the one 
TO make clean head> and the other to make clean tailings, occurs in these mills. 
The head> of the slime tables are enriched in Mills 45 and 46 bv kieves and in 
Mill 47 bv tve and ki<'vf‘. Th(‘ kieve tops go back to the tables. The tailings 
of the tables ar(‘ considered sufficient! v clean to throw awav. In the very latest 
arrangement of mills (1902) the slime tables and Wilfley tables are coupled 
together in thi.s same way, the former making clean tailings and the latter clean 
heads. 

§ 708. Mill Xo. 44. C.^lumet and Hecla Mining (Company, Calumet, 
Mictiigan.— Capacitv 2,640 tons in 24 hours for each of the two mills. The 
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mill runs 24 hours per day. 6 days per week. The ore consists of the economic 
minerals native copper and a little native silver, and a gangue of rhyolite con- 
glomerate carrying a little calcite, epidote and martite. The problem is to save 
the copper and silver. The ore is hoisted from the mine in skips holding 5,000 
and 10,000 pounds and dumped upon (1). 

There are eleven rock houses, one for each shaft, all alike and only one of them 
will be described. 

t ‘ Rock Rouse. 

1. One No. 1 grizzly with S^-inch spaces. Oversize is hand picked on the 
grizzly into: {a) copper nuggets to (33) ; (6) waste used for filling; and (c) 
residue or milling rock to (3) ; undersize to (5). 

2. One No. 1 Blake breaker, 34 X 36 inches, crushing to 12 inches. To (3). 

3. One No. 2 grizzly with 3J-ineh spaces. Oversize is hand picked on the 
grizzly into: (a) copper nuggets to (32) ; (5) waste for filling; and (c) residue 
to (4) ; undersize to (5). 

4. One No. 2 Blake breaker, 17 X 24 inches, crushing to 34 inches. To (5). 

5. From (1), (3) and (4). Rock house bins, 40 X 50 feet and 10 to 20 feet 
deep, with double-V bottom and 14 gates. By gates and chutes to railroad cars 
hauled 5 miles to (6). 

Mill. 

There are two entirely independent mills, the Calumet and the Hecla, just 
alike, with 11 independent sections in each. Only one section of the Calumet 
mill will be described. 

6. Mill bin, with flat bottom, holding about 1,000 tons. By gate to (7). 

7. Picking chute. Copper nuggets to (32) ; rich copper rock to (8) just 
before clean up ; wood, chips, etc., to waste ; residue to (8) . . 

8. From (7) and (9). One Leantt steam stam,p using a screen with 
4.76-mm. round holes. Pulp by distributor to (10) ; residue in mortar at time of 
clean up to (9). 

9. One No. 1 or cover jig. 1-sieve cam driven spring return jig. There is 
only one jig for the whole eleven sections of the mill. Bottom shimmings and 
hutch bv bucket to 032) ; top skimmings and tailings to (8). 

10. From (8). Four No. 1 hydraulic classifiers, each with four spigots. 1st 
spigot to (11) ; 2d to (12) : 3d to' (13) ; 4th to (14) : overflow to (22). 

11. From (10) and (12). Four No. 2 jigs or No. 1 roughing jigs. 2-sieve 
Collom jigs. 1st and 2d bottom skimmings, Ist discharge and 1st hutch bv jerk- 
ing trough conveyor to picking table, where native silver is removed while the 
copper goes to (32) : 2d discharge to (25) *, 2d hutch to (15) : tailings to (19). 

12. From (10) and (13). Four No. 3 jigs or No. 2 roughing jigs. 2-sieve 
Collom jigs. Bottom skimmings to (11) : 2d discharge to (25) ; hutches to 
(16) ; tailings to (19). 

13. From (10) and (14). Four No. 4 jigs or No. 3 roughing jigs. 2-sieve 
Collom jigs. Bottom skimmings to (12) : hutclies to (17) *, tailings to (33). 

14. From (10). Four No. 5 jigs or No. 4 roughing jigs. 2-sieve Collom 
jigs. Bottom skimmings to (13) : hutches to (18) : tailings to (33). 

15. From (11) and (16). Two No. 6 jigs or No. 1 finishing jigs. 3-sieve 
Collom jigs. 2d and 3d bottom skimmings "to (25) : 1st and 2d discharges to 
(31) : hutches to (31) : tailings to (33). 

16. From (12). Two No. 7 jigs or No. 2 finishing jigs. 3-sieve Collom 
jigs. 2d bottom skimmings to (25) ; 3d to (15) : 1st discharge to (31) ; hutches 
to (31) ; tailings to (33). 
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17. From (13). Two No. 8 jigs or No. 3 finishing jigs. 3-sieve Collom jigs. 
1st bottom skimming^ to (25) ; 2d to (21) ; 3d to (31) ; hutches to (31) ; tail- 
ings to (33), 

18. From (14). Two No. 9 jigs or No. 4 finishing jigs. 3-sieve Collom jigs. 
Bottom skimmings and hutches to (31) ; tailings to (33). 

19. From (11) and (12). Two No. I distributors each dividing the material 
into four parts. To (20). 

20. Eight No. 10 jigs or rejiggers. 1-sieve Collom jigs.^ Bottom skimmings 
and discharge to (25) ; hutch to (21) ; tailings to (33). 

21. From (17) and (20). Two No. 11 jigs or rejigger finishers. 2-sieve 
Collom jigs. Bottom skimmings to (25) ; hutches to (31) ; tailings to (33). 

22. From (10) and (26). One No. 1 distributing tank with 9 spigots. 
Spigots by centrifugal pump and No. 2 distributor to upper decks of (23) ; over- 
flow to (33). 

23. Two No. 1 convex revolving slime tables each with two decks. Heads of 
upper deck to (31) ; middlings to lower deck; tailings to (33). Heads of lower 
deck to (31) ; middlings to (24) ; tailings to (33). 

24. Two No. 2 convex revolving slime tables, each with two decks. As all 
the sections of the mill are never run at a time, the two No. 1 tables of an idle 
section receive the middlings from the ten tables of five sections which are 
running. Heads to (31) ; tailings to (33). 

25. From (11), (12), (15), (16), (17), (20), (21). Heberli mills. There 
are two of these for eleven sections of the mill. They grind to 0.1 inch. To 
(26). 

26. Two No, 2 hydraulic classifiers for eleven sections of the mill, each with 
three spigots. 1st spigot to (27) ; 2d to (28) ; 3d to (29) ; overflow to (22) in 
one section of the mill in addition to its regular work. 

27. Two No. 12 jigs or No. 1 grinder jigs. 3-sieve Collom jigs. Bottom 
skimmings to (31) ;*lst and 3d discharges to (31) ; 1st and 2d hutches to (31) ; 
3d to (30) ; railings to (33). 

28. From (26). Two No. 13 jigs or No. 2 grinder jigs. 3-sieve Collom jigs. 
Bottom skimmings to (31) ; 3d discharge to (31) ; 1st hutch to (31) ; 2d and 3d 
to (30) ; tailings to (33). 

29. From (26). Two No. 14 jigs or No. 3 grinder jigs. 3-sieve Collom jigs. 
Bottom skimmings to (31) ; 3'd (iischarge to (31) ; hutches to (30) ; tailings to 
(33). 

30. From (27), (28), (29). Two No. 15 jigs or grinder finishing jigs. 
2-sieve Collom jigs. Bottom skimmings and hutches to (31) ; tailings to (33). 

31. From (15), (16), (17), (18), (21), (23), (24), (27), (28). (29), (30). 
Settling tank.^ for concentrates. Settlings to (32) ; overflow to (33). 

32. From (1), (3), (7), copper nugget>. From (9), (11). (31), copper 
concentrates called mineral copper. Bv shipping car to smelter. 

33. From (13). (14), (15), (16), (17), (18), (20), (21), (22), (23), (24), 
(27), (28), (29), (30), (31). Two '-and wIkm-K, on(‘ for (‘ach mill, lifting to 
main wa^te launder delivering to the lake. There are aKo two more sand wheels, 
held in reserve. 

Power for the -team stamps of both mills and the mill engine is furnished by 
17 Belpair boilers running under a >team prc'-ure of 120 pounds per square 
inch. A triple expansion engine with cvlin'der^j 18 X 60, 275 X dO, and 48 X 60 
inches, making 58 revolutions per minute and developing 750 indicated horse 
jiower, runs the two mills, the two sand wheels and the machine shop. Large 
-pare engines with single expansion are installed in various departments to he 
need in case of accident. Each rock house has an engine indicating 60 to 65 horse 
power. 
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Water is pumped from Torch Lake by a triple expansion pumping engine 
with two dilferential plungers. It delivers 40,000,000 gallons per 24 hours, 
which is the amount used when 16 sections of the mills are in use. The max- 
imum capacity is 60,000,000 gallons. There are three smaller pumps for use in 
case of break. 

The mill gives out no analyses. The ore formerly ran 4 or 5% copper, but it 
is now running somewhat less than these figures. The concentrates contain 
about 65% copper. 

One section of the mill has been used for experimental work for designing 
the new mill with six sections and has undergone many changes. Otherwise the 
mill has been very little changed except for the introduction of shaking picking 
tables in place of the picking chutes (7). 

The new mill is radically different from the old. The six sections are alike 
and one section is about as follows : The rock is brought by a belt conveyor to 
the Leavitt steam stamp which has a 4.76-mm. cylindrical screen and also 
'^mortar discharges’^ or ^%ortar jigs.” These consist of four openings in the 
side of the mortar, each about X 12 inches, just below the lower edge of the 
screen. Each opening leads down to a sieve below with 25-mm. holes. The 
sieves have connections with jigging plungers which subject the material on the 
sieves to a regular jigging action. The coarser nuggets of copper accumulate on 
the sieve and are removed periodically through a side opening ; the smaller copper 
nuggets which pass through the sieve into the hutch are likewise drara off at 
intervals. The stamped rock issuing through the 4.76-mm. screen goes to two 
large 2-sieve jigs followed by two large 3-sieve jigs. By this arrangement the 
material is treated successively by five sieves, the tailings' from the first going to 
the second and so on. The first sieves yield concentrates to the smelter and 
slimes, taken off by a special arrangement, to slime tables after being unwatered. 
The second sieves yield discharge to smelter and hutch to two little hydraulic 
classifiers. The third, fourth and fifth sieves yield discharges to a Chili mill, 
hutches to the two little hydraulic classifiers and final tailings to waste. The 
product of the Chili mill is separated on two Wilfley tables into clean heads and 
tailings. The two little hydraulic classifiers yield spigot product to smelter and 
overflow, after unwatering, to two Wilfloy tables. The products of these are clean 
heads and tailings, and middlings which are re-treated on another Wilflev. The 
middlings from this last Wilfley go to the above mentioned Chili mill. The 
tailings "of the convex revolving slime tables treating climes from the first sieves, 
are waste while the concentrates are further enriched on four Wilfley tables 
making clean heads and tailings, and middlings which are unwatered and sepa- 
rated on one more Wilfley into clean heads to .-nudter and tailings to wa-te. 

§ 709. Mill No. 45. Franklin ]\riNiNrT Company. Hancock, Michigan. — 
Capacity 450 ton^ in 24 hours. The mill ruu'- 24 hour- per dav, six davs pr 
week. The ore consists of the economic mineral native copper and a little native 
silver, filling cavities in a gangue of -oft amvtrdaloid rock. The problem is to 
save the copper and -ilver. The rock i- hrouLdn from the rock hou-e to the mill 
by an incline in cars holdins: 2^ tons each and dumped upon (1). 

1. Two rec-eiving bins each holding 75 ton-^. To (21. 

2. Throe picking chute-. Wood and barren rock to wa-te : rich copper rock 
to (3) ju.-t before clean up; re>idue to (3). 

3. From (2). (4), (6). (7). (8), (9), (10). Three Ball ^team ^tamp^ u-ing 
screens with 4.76-mm. round hoh<. Piilfi to (5) ; r(*-idue in mortar at time of 
clean up to (4). 

4. A trough wa^-her. Heads calle-d cr»\er work, after hand pickine for native 
silver, to smelter as No. 1 copper; tailing'^ to (3). 
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5. From (3). Six No. 1 hydraulic classifiers, each with three spigots. 1st 
spigots to (6) ; 2d to (7) ; 3d to (8) ; overfiow to (14). 

6. Six No. 1 jigs. 2-sieve Collom jigs. 1st bottom skimmings, after hand 
picking for silver, to smelter as No. 1 copper; 2d to (3) ; hutches to (9) ; tailings 
to (18). 

7. From (5). Six No. 2 jigs. 2-sieve Collom jigs. 1st bottom skimmings to 
smelter as No. 1 copper; 2d to (3) ; hutches to (9) ; tailings to (18). 

8. From (5). Six No. 3 jigs. 2-sieve Collom jigs. 1st bottom skimmings to 
smelter as No. 1 copper; 2d to (3) ; hutches to (10) ; tailings to (18). 

9. From (6) and (7). Six No. 4 jigs or No. 1 finishing jigs. 3-sieve Collom 
jigs. 1st and* 2d bottom skimmings to smelter as No. 2 copper; 3d to (3) ; 1st 
and 2d hutches to smelter as No. 2 copper; 3d to (13) ; tailings to (11). 

10. From (8). Six No. 5 jigs or No. 2 finishing jigs. 3-sieve Collom jigs. 
Products like (9). 

11. From (9) and (10). Two No. 1 runs used alternately. Settlings to 
(13) ; overflow to (12). 

12. One No. 2 run. Settlings to (13) ; overflow to (18). 

13. From (9), (10), (11), (12). Four No. 6 jigs or rejiggers. 1-sieve 
Collom jigs. Hutches to smelter as No. 2 copper; tailings to (18). 

14 . I^om (5) and (17). Three No. 1 distributing tanks. Spigots to (15) ; 
overflow to (18). 

15. Four convex revolving slime tables. Heads to (16) ; middlings to (17) ; 
tailings to (18). 

16. One kieve. Tops or tailings to (17) ; middles returned to kieve ; bottoms or 
heads to smelter as No. 3 copper. 

17. From (15) and (16). One feeder and centrifugal pump with 2-ineh dis- 
charge pipe. To (14). 

18. From (6), (7), (8), (12), (13), (14), (15). Sandi wheel lifting 444 
tons of sand, and 3,744,000 gallons of water per 24 hours, up 22 feet to waste 
launder delivering to Portage Lake. 

The coarse part of the mill is divided into three sections so that one-third or 
two-thirds of the mill can be shut down if desired. 

Power is furnished by an engine run by the exhaust steam from the three 
steam stamps, receiving it at a pressure of 7 pounds per square inch and deliver- 
ing it into a vacuum equal to 23^ inches of mercury obtained by a jet condenser 
and an air pump. The engine has a cylinder 36 X 48 inches and makes 60 revo- 
lutions per ininute. A portion of the exhaust steam also runs the Cornish pump 
which supplies the water for the mill. Any excess is used for heating the feed 
water to the boilers. 

One hundred tons of rock yield 330 to 400 pounds of c5ver work from (4). 
2,200 pounds of mineral copper from the other machines and about 984 tons of 
tailings. The four rejiggers (13) save about 50 pounds of mineral per day con- 
taining 25% copper. 

This mill was burned and a new mill has hecm constructed with a capacity of 
1,350 tons in 24 hours. It has three modern steam stamps and the arrange- 
ment of the washing machines is according to the regular Lake Superior practice. 
Using roughing jigs, finishing jigs and slime tables much like Mill 47. Power 
is furnished by two Stirling water tube boilers of 500 hor.se power each andi an 
Allis-Corliss engine with cylinder 16X22 inches. Water is supplied by an 
Allis pump with a capacity of 15,000,000 gallons per 24 hours. 

§ 710. Mill No. 46. Osceol.4 Consolidated Mining Company Houghton 
County, Michigan.— Capacity 1,260 tons in 24 hours. The mill runs 24 hours 
per day, 6 days per week. The ore consists of the economic mineral native cop- 
per and a gangue of amygdaloid with a little calcite, prehnite and magnetite. 
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Eock similar to Mill 44 is also treated in one section of the mill. The problem 
is to save the copper. The rock is hoisted in skips holding 4,000 pounds and 
dumped upon (1). 

There are two rock houses, just alike, of which only one will be described. 

Eock House. 

1. Two grizzlies with 3J-ineh spaces. Oversize to (2) ; undersize to (6). 

2. Sledging and picking floor. Mass copper and largest rock lumps to ( 3 j 
large rock lumps to (4) ; small rock to (5) ; fine stuff to (6) ; barren rock to waste 
dump. 

3. Fall hammer. Cleaned mass copper to smelter; fine copper rock to (G). 

4. From (2). One No. 1 Blake breaker, 14 X 22 inches, crushing to 4 inches. 
To (6). 

5. From (2). One No. 2 Blake breaker, 13 X 20 inches, crushing to 4 inches. 
To (6). 

6. From (1), (2), (3), (4), (5). No. 1 or rock house bin with a Gouble-Y 
bottom. By 8 chutes to hopper-bottomed cars holding 12^ tons, 5 miles to (7). 

Mill. 

7. No. 2 or mill bins with bottoms sloping 45°, holding about 2,600 tons. 
To (8). 

8. Six picking chutes, fed with water. Eieh copper rock to (9) just before 
clean up; wood, chips, etc., to waste; residue to (9). 

9. From (8), (10), (12), (13), (14), (15), (16), (17), (18), (19), (20), 
(21), (22), (23). (25), (26), (27), (28), (29), (30), (31), (32). Six steam 
stamps ; Nos. 1, 2, 3 and 4 are Ball stamps, No. 5 is a Cuyahoga and No. 6 is an 
Allis. They use screens with 4.76-mm. round holes. Pulp by six distributors 
to (11) ; residue in mortar at time of clean up to (10). 

10. A trough washer. Heads, called cover work, to >melter; tailings to (9). 

11. From (9). Eighteen No. 1 hydraulic classifiers. No. 1 Ball stamp has 
three Lake Superior hog trough classifiers, each with four spigots. No. 2 Ball 
has two Lake Superior hog trough classifiers and one Tamarack classifier, each 
with four spigot- ; No, 3 and No, 4 Ball -tamp< each have three Tamarack classi- 
fiers with four spigot- each. The Cuvahogu and Alli- stamp's each have three 
Tamarack clas-ifiers with >ix -pigot- each, -pigot- of the 6-spigot classifiers 
to (12) ; 2d to (13) ; 3(1 to (14) ; 4th to (lo) : .5th to (16) ; Gth to (17) : over- 
flow to (34). l^t spigots of the 4— pigot classifiers to (25) : 2d to (26) ; 3d to 
(27) ; 4th to (28) ; overflow to (34). 

The jig^ are divided into ^lx -eetion-. Tho^e for tlu'^ Cuvahoga and Allii- 
stamp- are iii-t alike and onlv the Alli- -ection wdl he de-cril)ed. Tho^e for 
each of the Ball stamps are alike and onlv one -ection will be de-cribed. 

Jp/.s for 

12. Three No. 1 jigs or No. 1 roughing jig-. 2— iev(‘ Collom jig^. 1-t bottom 
skimming'^ are No. 1 copper to (40) ; 2d di-chargi^ to (9) ; 1-t hutch to (18) • 
2d to (19) ; tailings to (41). 

13. From (11). Three No. 2 jig- or No. 2 rouiihing iig-^. 2--ieve Collom 
jigs. 1st bottom skimmings are No. 1 copper to (40) ; 2d to (9) ; l^t hutch to 
(18) ; 2d to (19) ; tailings to (41). 

14. From (11), (15), (16), (17). Three No. 3 jig< or No. 3 roughing jig-. 
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2-sieve Collom jigs. 1st bottom skimmings are No. 1 copper to (40) ; 2d to (9) ; 
1st hutch to (20) ; 2d to (21) ; tailings to (41). 

15. Prom (11). Three No. 4 jigs or No. 4 roughing jigs. 2-sieve Collom 
jigs. 1st bottom skimmings to (14) ; 2d to (9) ; 1st hutch to (20) ; 2d to (21) ; 
tailings to (41). 

16. From (11). Three No. 5 jigs or No. 5 roughing jigs. 2-sieve Collom^ jigs. 
1st bottom skimmings to (14) ; 2d to (9) ; 1st hutch to (22) ; 2di to (23) ; tailings 
to (41). 

17. From (11). Three No. 6 jigs or No. 6 roughing jigs. 2-sieve Collom 
j igs. Products like (16). 

18. From (12) and (13). One No. 7 jig or No. 1 finishing jig. 3-sieve 
Collom jig. 1st bottom skimmings are No. 2 copper to (40) ; 2d are No. 4 
copper to (40) ; 3d to (9) ; 1st hutch is No. 2 copper to (24) ; 2d is No. 3 
copper to (24) ; 3d, to be kieved, to (24) ; tailings to (41). 

19. From (12) and (13). One No. 8 jig or No. 2 finishing jig. 3-sieve 
Collom jig. 1st bottom skimmings are No. 3 copper to (40) ; 2d are No. 4 
copper to (40) ; 3d to (9) ; 1st hutch is No. 3 copper to (24) ; 2d is No. 4 
copper to (24) ; 3d, to be kieved, to (24) ; tailings to (41). 

20. From (14) and (15). One No. 9 jig or No. 3 finishing jig. 3-sieve 
Collom jig. 1st bottom skimmings are No. 2 copper to (40) ; 2d are No. 4 
copper to (40) ; 3d to (9) ; 1st hutch is No. 2 copper to (24) ; 2d is No. 4 
copper to (24) ; 3d, to be kieved, to (24) ; tailings to (41). 

21. From (14) and (15). One No. 10 jig or No. 4 finishing jig. 3-sieve 
Collom jig. Products like (19). 

22. Prom (16) and (17). One No. 11 jig or No. 5 finishing jig. 3-sieve 
Collom jig. 1st and 2d bottom skimmings are No. 4 copper to (40) ; 3d to (9) ; 
1st hutch is No. 4 copper to (24) ; 2d and 3d, to be kieved, to (24) ; tailings 
to (41). 

23. From (16) and (17). One No. 12 jig or No. 6 finishing jig. 3-sieve 
Collom jig. Products like (22). 

24. F^-om (18), (19), (20), (21), (22), (23). Three sets of settling tanks 
for concentrates, called “copper boxes,'’ with 7 boxes in each set (see §442). 
No. 1 quality copper to (40) ; No. 2 quality copper to (40) ; No. 3 quality 
copper to (40) ; No. 4 quality copper to (40) ; material to be kieved to (38) ; 
overflow to (41). 


Jigs for One Ball Section. 

25. From (11). Three No. 1 jigs or No. 1 roughing jigs. 2-sieve Collom 
jigs. 1st bottom skimmings are No. 1 copper to (40) ; 2d to (9) ; 1st hutch to 
1st sieve of (29) ; 2d to 2d sieve of (29) ; tailings to (41). 

26. From (11), (27), (28), Three No. 2 jigs or No. 2 roughing jigs. 2-sieve 
Collom jigs. 1st bottom skimmings are No. 1 copper to (40) ; 2d to (9) ; 1st 
hutch to 1st sieve of (30) ; 2d hutch to 2d sieve of (30) ; tailings to (41). 

27. From (11). Three No. 3 jigs or No. 3 roughing jigs. 2-sieve Collom 
jigs. 1st bottom skimminsrs to (^26) : 2d to (9) ; 1st hutch to 1st sieve of (31) ; 
2d hutch to 2d sieve of (31) ; tailings to (41). 

28. From (11). Three No. 4 jigs or No. 4 roughing jigs. 2-sieve Collom 
jigs. 1st bottom skimmings to (26) : 2d to (9) ; 1st hutch to 1st sieve of (32) ; 
2d hutch to 2d sieve of (32) ; tailings to (41). 

29. 30, 31, 32. From (25), (26)‘, (27), (28). One each of Nos. 5, 6, 7 and 8 
jigs or Nos. 1, 2, 3 and 4 finishing jigs. 3-sieve Collom jigs. Their products are 
di'=posed of on the same principle as in (IS). (19), (20), (21), (22), (23). 

33. From (29), (30), (31). (32). “Copper boxes.” Products like (24). 
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The Whole mil, 

34. From (11) and (39). Four Xo. 1 distributing tanks: one for the Allis 
stamp with two spigots, one for the Cuyahoga stamp wuth two spigots, one foi 
each pair of Ball stamps with three spigots each. Spigots to (35) ; over- 
flow to (41). 

35. Ten convex revolving slime tables. Heads to (36) ; middlings to (39j ; 
tailings to (41). 

36. Five No. 1 settling tanks. Each pair of slime tables has a double tank 
the hahes of which are run alternately. Settlings to (38) ; overflow to (37). 

37. One No. 2 settling tank. Settlings once in 24 hours to (39) ; overflow 
to (41). 

38. From (24), (33) and (36). One kieve. Tops or tailings to (39) ; 
middlings returned to kieve; bottoms or heads are No. 4 copper to (40). 

39. From (35), (37) and (38). Feed trough and a Hodge centrifugal pump 
with 2-ineh discharge pipe and making 375 revolutions per minute. To (34). 

40. From (12), (13), (14), (IS), (19), (20). (21), (22), (23), (24), (25), 

(26), (29), (30), (31), (32), (33), (38). Shipping cars. The four qualities 

of mineral copper are sent separately to the smelter. 

41. From (12), (13), (14), (15), (16), (17), (18), (19), (20), (21), (22), 

(23), (24), (25), (26), (27), (28), (29), (30), (31), (32), (33), (34), (35), 

(37). Tailings launder to Torch Lake. 

This mill is in six independent sections. The Allis stamp section treats 
conglomerate from the Tamarack Junior mine. No. 1 Ball treats amygdaloid 
from the Kearsarge mine, and the remaining stamps treat amygdaloid from the 
Osceola mine. 

Power for the mill is derived from ten fire tube boilers, 28 feet long, 60 inches 
diameter (two are 72 inches), with tubes 3 and 34 inches diameter and 16 
feet long, running under a steam pressure of 100 pounds per square inch. 
Seven of the boilers are for steam stamps, one for the mill engine and pump 
and two for spare. The mill engine has a cylinder 24 X 32 inches, makes 62 
revolutions per minute, cuts off at one-quarter stroke and develops 90 indicated 
horse power. Power for the rock house is derived from two Revnolds upright 
boilers which also supply steam for hoisting. They are 20 feet long, 84 inches 
diameter, with tubes 3 inches diameter and 16 feet long, running under a 
steam pressure of 100 pounds per square inch. An Allis engine is used with 
cylinder 10 X 30 inches, making 90 revolutions per minute, cutting off at one- 
quarter stroke and developing 20 horse power. 

Water is pumped from Torch Lake by an Alii- compound vertical pump, a 
distance of 300 feet and up 55 feet, delivering 12,000,000 gallons per 24 hours. 

According to the annual report, in 1899 the rock contained 1.159% copper, 
the concentrates 72%, and the tailings 0,187%. One hundred tons of rock 
yielded 1.35 tons of concentrates and 98.65 ton< of tailing-. The mill saved 84% 
of the copper.®®^ 

There has lieen recently built another mill in two parts, one with three steam 
stamps made by the Nordberg Work> and one with four. Thev are arranged 
according to the new' coarse stampinir -cheme as outlined at the end of Hill 48. 
The three-stamp part has a capacitv of 1,600 tons per 24 hour-. Each stamp 
has a cylinder of 20 inches diameter, 24 inche- -troke. and -trikes 100 blow- 
per minute under a steam pressure of 95 pound- per -quare inch. This new 
mill has reduced the value of the tailimrs to 0.065% copper, has reduced the cost 
of milling per ton from $0.29 to $0.22, and has increased the percentage saving 
considerably. The product of the Krause discharge, together wdth the spigot 
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2-sieve Collom jigs. 1st bottom skimmings are No. 1 copper to (40) ; 2d to (9) ; 
1st hutch, to (20) ; 2d to (21) ; tailings to (41). 

15. From (11). Three No. 4 jigs or No. 4 roughing jigs. 2-sieve Collom 
jigs. 1st bottom skimmings to (14) ; 2d to (9) ; 1st hutch to (20) ; 2d to (21) ; 
tailings to (41). 

16. From (11). Three No. 5 jigs or No. 5 roughing jigs. 2-sieve Collom^ jigs. 
1st bottom skimmings to (14) ; 2d to (9) ; 1st hutch to (22) ; 2di to (23) ; tailings 
to (41). 

17. From (11). Three No. 6 jigs or No. 6 roughing jigs. 2-sieve Collom 
jigs. Products like (16). 

18. From (12) and (13). One No. 7 jig or No. 1 finishing jig. 3-sieve 

Collom jig. 1st bottom skimmings are No. 2 copper to (40) ; 2d are No. 4 

copper to (40) ; 3d to (9) ; 1st hutch is No. 2 copper to (24) ; 2d is No. 3 

copper to (24) ; 3d, to be kieved, to (24) ; tailings to (41). 

19. From (12) and (13). One No. 8 jig or No. 2 finishing jig. 3-sieve 
Collom jig. 1st bottom skimmings are No. 3 copper to (40) ; 2d are No. 4 
copper to (40) ; 3d to (9) ; 1st hutch is No. 3 copper to (24) ; 2d is No. 4 
copper to (24) ; 3d, to be kieved, to (24) ; tailings to (41) . 

20. From (14) and (15). One No. 9 jig or No. 3 finishing jig. 3-sieve 

Collom jig. 1st bottom skimmings are No. 2 copper to (40) ; 2d are No. 4 

copper to (40) ; 3d to (9) ; 1st hutch is No. 2 copper to (24) ; 2d is No. 4 

copper to (24) ; 3d, to be kieved, to (24) ; tailings to (41). 

21. From (14) and (15). One No. 10 jig or No. 4 finishing jig. 3-sieve 
Collom jig. Products like (19). 

22. From (16) and (17). One No. 11 jig or No. 5 finishing jig. 3-sieve 
Collom jig. 1st and 2d bottom skimmings are No. 4 copper to (40) ; 3d to (9) ; 
1st hutch is No. 4 copper to (24) ; 2d and 3d, to be kieved, to (24) ; tailings 
to (41). 

23. From (16) and (17). One No. 12 jig or No. 6 finishing jig. 3-sieve 
Collom jig. Products like (22). 

24. From (18), (19), (20), (21), (22), (23). Three sets of settling tanks 
for concentrates, called ^^copper boxes, with 7 boxes in each set (see §442). 
No. 1 quality copper to (40) ; No. 2 quality copper to (40) ; No. 3 quality 
copper to (40) ; No. 4 quality copper to (40) ; material to be l?:ieved to (38) ; 
overflow to (41). 


Jigs for One Ball Section. 

25. From (11). Three No. 1 jigs or No. 1 roughing jigs. 2-sieve Collom 
jigs. 1st bottom skimmings are No. 1 copper to (40) ; 2d to (9) ; 1st hutch to 
1st sieve of (29) ; 2d to 2d sieve of (29) ; tailings to (41). 

26. From (11), (37), (28). Three No. 2 jigs or No. 2 roughing jigs. 2-sieve 
Collom jigs. 1st bottom skimmings are No. 1 copper to (40) ; 2d to (9) ; 1st 
hutch to 1st sieve of (30) ; 2d hutch to 2d sieve of (30) ; tailings to (41). 

27. From (11). Three No. 3 jigs or No. 3 roughing jigs. 2-sicve Collom 
jigs. 1st bottom skimmings to (26) ; 2d to (9) ; 1st hutch to Ist sieve of (31) ; 
2d hutch to 2d sieve of (31) ; tailings to (41). 

28. From (11). Three No. 4 jigs or No. 4 roughing jigs. 2-siove Collom 
jigs. 1st bottom skimmings to (26) ; 2d to (9) ; 1st hutch to 1st sieve of (32) ; 
2d hutch to 2d sieve of (32) ; tailings to (41). 

29,30,31, 32. From (25). (26), (27), (28). One each of Nos. 5. 6, 7 and 8 
jigs or Nos. 1, 2, 3 and 4 finishing jigs. 3-sieve Collom jigs. Their products are 
disposed of on the same principle as in (18), (19), (20), (21), (22), (23). 

33. From (29), (30), (31), (32). ^^Copper boxes.” Products like (24). 
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The Whole Mill. 

34. From (11) and (.39). Four No. 1 distributing tanks: one for the Allis 
stamp with two spigots, one for the Cuyahoga stamp with two spigots, one for 
each pair of Ball stamps with three spigots each. Spigots to (35) ; over- 
flow to (41). 

35. Ten convex revolving slime tables. Heads to (36) ; middlings to (39) ; 
tailings to (41). 

36. Five No. 1 settling tanks. Each pair of slime tables has a double tank 
the halves of which are run alternately. Settlings to (38) ; overflow to (37). 

37. One No. 2 settling tank. Settlings once in 24 hours to (39) : overflow 
to (41). 

38. From (24), (33) and (36). One kieve. Tops or tailings to (39); 
middlings returned to kieve; bottoms or heads are No. 4 copper to (40). 

39. From (35), (37) and (38). Feed trough and a Hodge centrifugal pump 
with 2-ineh discharge pipe and making 375 revolutions per minute. To (34). 

40. From (12), (13), (14), (18), (19), (20). (21), (22), (23), (24), (25), 
(26), (29), (30), (31), (32), (33), (38). Shipping cars. The four qualities 
of mineral copper are sent separately to the smelter. 

41. From (12), (13), (14), (15), (16), (17), (18), (19), (20), (21), (22), 
(23), (24), (25), (26), (27), (28), (29), (30), (31), (32), (33), (34), (35), 
(37). Tailings launder to Torch Lake. 

This mill is in six independent sections. The Allis stamp section treats 
conglomerate from the Tamarack Junior mine. No. 1 Ball treats amygdaloid 
from the Kearsarge mine, and the remaining stamps treat amygdaloid from the 
Osceola mine. 

Power for the mill is derived from ten fire tube boilers, 28 feet long, 60 inches 
diameter (two are 72 inches), with tubes 3 and 3^ inches diameter and 16 
feet long, running under a steam pressure of 100 pounds per square inch. 
Seven of the boilers are for steam stamps, one for the mill engine and pump 
and two for spare. The mill engine has a C 3 dinder 24 X 32 inches, makes 62 
revolutions per minute, cuts off at one-quarter stroke and develops 90 indicated 
horse power. Power for the rock house is derived from two Reynolds upright 
boilers which also supply steam for hoisting. They are 20 feet long, 84 inches 
diameter, with tubes 3 inches diameter and 16 feet long, running under a 
steam pressure of 100 pounds per square inch. An Allis engine is used with 
cylinder 10 X 30 inches, making 90 revolutions per minute, cutting off at one- 
quarter stroke and developing 20 honse power. 

Water is pumped from Torch Lake by an Allis compound vertical pump, a 
distance of 300 feet and up 55 feet, delivering 12,000,000 gallons per 24 hours. 

Acc'ording to the annual report, in 1899 the rock contained 1.159% copper, 
the concentrates 72%, and the tailings 0.187%. One hundred tons of rock 
yie]d(Ml 1.35 tons of concentrates and 98.65 tons of tailings. The mill saved 84% 
of the copper.®®'^ 

Tlierc' lias been recently built another mill in two parts, one with three steam 
stamps made by the Nordberg Works and one with four. They are arranged 
according to the new coarse stamping scheme as outlined at the end of Mill 48. 
The three-stamp part has a capacity of 1,600 tons per 24 hours. Each stamp 
has a cylinder of 20 inches diameter, 24 inches htroke, and strikes 100 blows 
per minute under a steam pressure of 95 pounds per square inch. This new 
mill has reduced the value of the tailings to 0.065% copper, has reduced the cost 
of milling per ton from $0.29 to $0.22, and has increased the percentage saving 
considerably. The product of the Krause discharge, together with the spigot 



998 


OME DRESSING. 


711 


of the little hydraulic classifier^ contains 56% of the total copper recovered in 
the mill. 

A new pump for supplying this mill and Mill 48 has a capacity of 40,000,000 
gallons per 24 hours. It is a triple expansion Nordberg with steam cylinders 
22, 40 and 60 inches in diameter, and three water cylinders 30 inches in diameter 
with 52-inch stroke. 

§ 711. Mill No. 47. Quincy Mining Company, Hancock, Michigan. — 
Capacity of the mill is 1,700 to 1,900 tons per 24 hours. The mill runs 24 
hours per day, six days per week. The ore consists of the economic mineral 
native copper in grains and masses occasionally as large as 300 tons, and a 
gangue of amygdaloid. The problem is to save the copper. The rock is hoisted 
in skips and goes ordinarily to (1), or if mass copper, to (2). 

There are three rock houses just alike, of which only one will be described. 

Rock House, 

1. Two No. 1 grizzlies with 2f-ineh spaces. Oversize to (2) ; undersize 
to (7). 

2. Sledging and picking fioor. Large lumps to (3) ; rock with mass copper 
to (4) ; small copper rock to (6) ; small mass copper to (8) ; barren rock, suit- 
able for building, to waste dump. 

3. Drop hammer. Eock with mass copper to (4) ; small copper rock to (6) ; 
small mass copper to (8). 

4. From (2) and (3). One No. 1 Blake breaker, 18 X 24 inches, crushing 
to 5 inches. Mass copper, picked out, to (8) ; residue to (5). 

5. Two No. 2 Blake breakers, 9 X 15 inches, crushing to 2f inches. To (7). 

6. From (2) and (3). Two No. 3 Blake breakers, 13 X 20 inches, crushing 
to 3 inches. To (7). 

7. From (1), (5) and (6). No. 1 bin for milling rock, with double V-bottom, 
holding 3,000 tons. By 10 gates and chutes to hopper bottom ears holding 17 
tons, and thence 6^ miles to (11). 

8. From (2), (3) and (4). No. 2 bin for mass copper. By gate to (9). 

9. Steam hammer. Cleaned mass copper to smelter; rich copper rock to (10). 

10. One No. 3 bin for rich milling rock. By gate and chute to special car 
and thence to (11). 

Mill, 

11. From (7) and (10). No. 4 or receiving bin, holding about 3,000 tons, 
with flat bottom and divided into five sections. One section is further divided 
into two parts, one part to receive stuff from (10). To (12). 

12. Five picking chutes. Eich copper rock to (13) just before clean up; 
wood, chips, etc., to waste; residue to (13). 

13. From (12), (14), (15), (16), (18), (19). Five Allis steam stamps 
using screens with 4.76-mm. round holes. Pulp by five No. 1 distributors to 
(17) ; residue in mortar at time of clean up to (14). 

14. Wash trommel. Coarse material hand picked into copper to (30) and 
rock to (13) ; fine material to (15). 

15. One No. 2 grizzlv with l-inch spaces. Oversize hand picked into eopp(T 
to (36) and rock to (13) ; undersize to (16). 

16. One No. 1 or cover jig. A 1-sieve cam driven spring return jig. Discharf^e 

is No. 1 copper to (36) ; hutch to (17) ; tailings to (13). ' ^ 

17. From (13) and (16). Twenty No. 1 hydraulic classifiers, each with fou- 
spigots. 1st spigots to (18) ; 2d to (19) ; 3d to (20) ; 4th to (21) ; overflow to 
five of the tanks (28). 
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18. Twenty 'No. 2 jigs or No. 1 roughing jigs. 2-sieve Collom jigs. 1st bot- 
tom skimmings to (26) as No. 1 copper; 2d to (13) ; 1st hutch to (22) ; 2d to 
(23) ; tailings to (37). 

19. From (17)^ (^0)? (^1)- Twenty No. 3 jigs or No. 2 roughing jigs. 

2- sieve Collom jigs. 1st bottom skimmings to (36) as No. 2 co-pper; 2d to (13) ; 
1st hutch to (22) ; 2d to (23) ; tailings to (37). 

20. From (17). Twenty No. 4 jigs or No. 3 roughing jigs. 2-sieve Collom 
jigs. Bottom skimmings to (19) ; 1st hutch to (24) ; 2d to (25) ; tailings to 
(37). 

21. From (17). Twenty No. 5 jigs or No. 4 roughing jigs. 2-sieve Collom 
jigs. Products like (20). 

22. From (18) and (19). Ten No. 6 jigs or No. 1 finishing jigs. 3-sieve 
Collom jigs. 1st bottom skimmings to (26) as No. 2 copper; 2d to (36) as No. 
2 copper; 3d to (36) as No. 3 copper; 1st hutch is No. 2 copper to (27) ; 2d, No. 2 
copper, to (27) ; 3d, No. 3 copper for smelter or to be kieved, to (27) ; tailings to 
(37). 

23. From (18), (19), (24), (25). Ten No. 7 jigs or No. 2 finishing jigs. 

3- sieve Collom jigs. Bottom skimmings to (36) as No. 3 copper; 1st hutch, 
No. 3 copper, to (27) ; 2d, No. 3 copper, to smelter or to be kieved, to (27) ; 3d, 
No. 3 copper, to be kieved, to (27) ; tailings to (37). 

24. From (20) and (21). Ten No. 8 jigs or No. 3 finishing jigs. 3-sieve 
Collom jigs. Bottom skimmings to (23) ; 1st hutch. No. 2 copper, to (27) ; 2d 
and 3d , No. 3 copper, to be kieved, to (27) ; tailings to (37). 

25. From (20) and (21). Ten No. 9 jigs or No. 4 finishing jigs. 3-sieve 
Collom jigs. Products like (24). 

26. From (18) and (22), separately. One picking table. Native silver to 
market; native copper of No. 1 quality to (36). 

27. From (22), (23), (24), (25). Ten sets of settling tanks for concentrates, 
called ^^copper boxes^^ with eleven boxes in each set. For example, one set has 
three boxes each about 14 X 2 feet, to receive the hutches of two No. 6 jigs, thre'^ 
similar boxes to receive the hutches of twio No. 7 jigs and five boxes, each about 
2X3 feet, in series to receive the overflow of the smaller boxes. No. 2 quality 
copper to (36) ; No. 3 quality copper to (36) ; material to be kieved to (31) ; 
overflow to (37). 

28. From (17) and (35). Six No. 1 distributing tanks each with four spigots. 
Spigots to (29) ; overflow to (37). 

29. Twenty-four convex revolving slime tables mounted two on a shaft. 
Heads to (30) ; middlings to (35) ; tailings to (37). 

30. Six double No. 1 settling tanks, the halves of each used alternately. Set- 
tlings to (31) ; overflo'v to (37). 

31. From (27) and (30) separately. One tye. Heads to (32) ; tailings to 
(34). 

32. From (31) and (34). One No. 1 kieve. 1st treatment. Tops or tailings 
to (35) ; mi'ddlos returned to (32) ; bottoms or heads to (33). 

33. No. 1 kieve, 2d treatment. Tops to (35) ; middles returned to (33) ; 
bottoms to (36). 

34. From (31). One No. 2 kieve. Tops to (35) ; middles returned to (34) ; 
bottoms to (32). 

35. From (29), (32), (33), (34). A box feeder and centrifugal pump with a 
2J-inch discharge pipe, making 522 revolutions per minute. To one of the tank‘d 
0281 . 

36. From (14), (15), (16), (19), (22), (23), (26), (27), (33). The dif- 
ferent qualities of mineral are shipped in cars to the smelter. 
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37. From (18), (19), (SO), (SI), (S2), (S3), (S4), (S5), (S7), (S8), (S9), 
(30) . Waste launder to Torch Lake. 

This mill has five sections, of which one or all may be run at the same time. 

The labor required in a rock house is 16 men per S4 hours. 

Power for the mill is derived from steam boilers and an Allis engine with 
cylinder 16 X 42 inches, receiving steam under 100 pounds pressure per square 
inch, making 78 revolutions per minute and cutting off^ at J stroke. Each 
steam stamp uses 100 horse power and its valves and washing machines require 
13 horse power, making the total horse power of the mill 565 and 10 horse 
power for the electric lights. In each rock house there is a steam engine with 
cylinder 16 X 42 inches, running under a pressure of 80 pounds per square 
inch, cutting off at \ stroke and developing 75 to 80 indicated horse power. 

Water for the mill is raised 80 feet from Torch Lake by an Allis pump 
delivering 12,000,000 gallons in 24 hours. 

In 1898 the rock yielded about 1.5% refined copper which means that it con- 
tained about 2% copper. The mass copper from the mill contains about 90% 
copper, Ko. 1 quality mineral contains about 93% copper, No. 2 about 83%, 
No. 3 about 43%, and the average of all is about 80% copper. Of the rock 
mined, about 10% is rejected as waste in the mine and in the rock house. In 
the rock house 100 tons of rock yield about 30 tons of mass copper rock for 
the steam hammer and about 70 tons of milling rock. About of the con- 
centrates is mass copper from the rock house and -f are from the mill. 

In this mill the forty Nos. 6, 7, 8, and 9 jigs have been replaced by 12 
Wilfley tables. Twelve slime tables, that is, those in three sections of the 
mill have also been replaced by Wilfley tables. 

Water is lifted to the mill by three pumps with a combined capacity of 21,- 
000,000 gallons per 24 hours. 

A second mill has been built to supplement the first, with a capacity of 
1,200 tons in 24 hours. It contains three Allis steam stamps and is similar 
to the first mill except that there are 24 Wilfley tables; that is, eight Wilfley 
tables take the place of eight jigs (Nos. 6, 7, 8 and 9 jigs) and four slime 
tables. Another departure from the old mill is that one of the new stamps 
has the coarse stamping scheme described at the end of Mill 48. The boiler 
house has four Wickes vertical water tube boilers of 250 horse power each. 
Water is supplied by an Allis triple expansion pump rated at 16,000,000 
gallons and capable of lifting 20,000,000 gallons per 24 hours. 

§712. Mill No. 48. Tamarack Mining Company, Houghton County, 
Michigan. — Capacity 1,500 tons in 24 hours. The mill runs 24 hours per 
day, six days per week. The ore and problem are the same as those of Mill 
44. The ore is hoisted on cages in cars holding 5,000 pounds, and dumped 
upon (1). There are two rock houses, just alike, of which only one will be 
described. 


Roch House. 

1. Three No. 1 grizzlies with 4-inch spaces. Oversize to (2) ; undersize to 
(5). 

2. Spalling and picking floor. Large lumps to (3) ; medium lumps, bro- 
ken by hand sledge, to (4) ; small lumps to (4) ; copper nuggets to (30) ; 
barren rock to waste dump. 

3. Drop hammer, crushing to about 12 inches. To (4). 

4. From (2) and (3). Five No. 1 Blake breakers. Two are 18 X 24 inches 
and three are 8 X 15 inches, crushing to 4 inches. To (6). 

5. From (1). Three No. 2 grizzlies with 3-inch spaces. Oversize is hand 
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picked into barren rock to waste dump and copper rock to (6) ; undersize to 

6. From (4) and (5). ISTo. 1 or rock house bin, 46 X 70 X 24 feet deep. 
By 16 gates and chutes to cars holding 12 J tons and thenqe 5 miles to (7). 

Mill. 

Fig. 520 shows the classifiers and jigs for one sectiop of the mill. 

7. No. 2 or mill bins with flat bottoms. By gates to (8). 

8. Five picking chutes, fed with water. Wood, chips, etc., to waste; copper 

nuggets to (30) ; residue to (9). | 

9. From (8), (10), (13), (14), (15), (16)^ Five Allis steam stamps, 
using screen with 4.76-mm. round holes. Pulp by five No. 1 distributors or 
split launders to (11) ; residue in mortar at the time of clean up to (10). 

10. A trough washer. Heads, called cdver work, to (30) ; tailings to (9). 

11. From (9). Twenty No. 1 hydraulic classifiers, each with four spigots. 
1st spigots to (12) ; 2d to (14) ; 3d to (15) ; 4th to (16) ; overflow to (24) 

12. Twenty No. 2 hydraulic classifiers, each with one spigot. Spigot, No' 1 
copper, to (30) ; overflow to (13). 

13. TJwenty No. 1 jigs. 2-sieve Collom jigs. 1st bottom skimmings, No. 1 
copper, to (30) ; 2d discharge to (9) ; 1st hutch to (17) ; 2d to (18) ; tailings 
to (31). 

14. From (11). Twenty No. 2 jigs. 2-sieve Collom jigs. 1st bottom 
skimmings. No. 1 copper, to (30) ; 2d to (9) ; 1st hutch to (17) ; 2d to (18) : 
tailings to (31). 

15. From (11). Twenty No. 3 jigs. 2^sieve Collom jigs. 1st bottom 
skimmings. No. 2 copper, to (30) ; 2d to (9) ; 1st hutch to (19) ; 2d to (20) ; 
tailings to (31). 

16. From (11). Twenty No. 4 jigs. 2-sieve Collom jigs. Bottom skim- 
mings to (9) ; 1st hutch to (19) ; 2d to (20) ; tailings to (31). 

17. From (13) and (14). Ten No. 5 jigs. 3-sieve Collom jigs with 'un- 
watering boxes before each sieve. 1st discharge, No. 2 copper, to (30) ; 2d 
and 3d bottom skimmings. No. 4 copper, to (30) ; 1st hutch. No. 2 copper, to 
(21) ; 2d, No. 4 copper, to (21) ; 3d, to be rejigged, to (21) ; tailings to (31) ; 
overflow of un watering boxes to (23). 

18. From (13) and (14). Ten No. 6 jigs. 3-sieve Collom jigs, with un- 
watering boxes before each sieve, lat discharge, No. 3 copper, to (30) ; 2d 
and 3d bottom skimmings, No. 4 copper, to (30) ; 1st hutch, No. 3 copper, to 
(21) ; 2d, No. 4 copper, to (21) ; 3d, to be rejigged, to (21) ; tailings to (31) ; 
overflow of un watering boxes to (23). 

19. From (15) and (16). Ten No. 7 jigs. 3-sieve Collom jigs, with un- 
wateiing boxes before each sieve. Products like (18). 

20. From (15) and (16). Ten No. 8 jigs. 3-sieve Collom jigs, with un- 
watering boxes before each sieve. Bottom skimmings. No. 4 copper, to (30) ; 
1st and 2d hutches. No. 4 copper, to (21) ; 3d, to be rejigged, to (21) ; tail- 
ings to (31) ; overflow of un watering boxes to (23). 

21. From (17), (18), (19), (20). Ten sets of ^^copper boxes^^ similar to 
those of Mill 46, p4. No. 2 quality copper to (30) ; No. 3 quality copper to 
(30) ; No. 4 quality copper to (30) ; material to be rejigged to (22) ; overflow 
to (23). 

22. No. 9 jigs called rejiggers. Details unknown, but they probably yield 
concentrates to (30) ; and tailings to (31). 

23. From (17), (18), (19), (20), (21). Ten catch launders, each 2X36 
feet. Settlings to (25) ; overflow to (31). 
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24. From (11), and (29). ISTine No. 1 distributing tanks, two each for 
four sections of the mill and one for the fifth section, each with four spigots. 
Spigots to (25); overfiow to (31). 

25. Prom (23) and (24). Eighteen convex revolving slime tables. Heads 
to (26 ) ; middlings to (29) ; tailings to (31). 

26. Five No. 1 settling tanks, double tanks with the halves of each used 
alternately. Settlings to (28); overflow to (27). 

27. One No. 2 settling tank. Settlings every 24 hours to (29) ; overflow 
to (31). 

28. From (26). Two kieves. Tops or tailings to (29) ; middles returned to 
kieve; bottoms or heads, No. 4 copper, to (30). 

29. From (25), (27), (28). Feeder and centrifugal pump with 2-ineh 
discharge pipe, making 375 revolutions per minute. To (24). 

30. Prom (2), (8), (10), (12), (13), (14), (15), (17), (18), (19), (20), 
(21), (22), (28). The copper nuggets are put into barrels, the concentrates 
from the jigs are brought down in pails to the barrels, those from the ^^copper 
boxes^^ and the kieves are shovelled direct to barrels. The barrels are packed 
with water, nailed and headed up and shipped to smelter. 

31. Prom (13), (14),. (15), (16), (17), (18), (19), (20), (22), (23), 
(24), (25), (27). Waste launder to lake. 

This mill is in five sections, any number of which may be shut down without 
affecting the others. 

Power for the mill is derived from eight fire tube boilers, 28 feet long, 5 feet 
diameter, with tubes 16 feet long and 3 inches 'diameter, running under a 
steam pressure of 100 pounds per square inch. Seven furnish steam for the 
stamps and one for the mill engine which is a Reynold's-Corliss with cylinder 
14 X 30 inches, making 90 revolutions per minute, cutting off at J stroke and 
developing 65 indicated horse power. Power in the rock house is derived from 
an engine with cylinder 16 X 30 inches, making 70 revolutions per minute, 
taking steam at 90 pounds pressure and cutting off at i stroke. 

Water is pumped from the lake by an Allis pump delivering 10,000,000 
gallons per 24 hours. 

The rock contains 1.5 to 2% copper; and the concentrates 65 to 70% copper. 
One hundred tons of mine rock (in 1899) yielded 2 tons of concentrates and 98 
tons of tailings. 'The copper nuggets from (2) amount to about 6 tons per 
month. The waste removed in the rock house is about 7% of the total rock 
hoisted. 

Since the above notes were taken this mill has made a great advance in 
graded stamping and concentrating and each section is more or less changed 
over to the following scheme: The steam stamp (9) has a circular mortar 
with 15.9-mm. holes in the screens and the issuing pulp goes to a little hy- 
draulic classifier. The copper nuggets are not allowed to accumulate’ in the 
mortar and be cleaned out periodically, but are discharged by what is called 
the ^‘Krause discharge."’ This consists of an opening in the side of the mortp 
about 1 2 inches above the top of the die and all the water that is used in 
stamping is introduced up into the mortar through this opening. The copper 
nuggets are heavy enough to pass through the opening and sink through the 
rising current of water and accumulate in a cylindrical pocket below. They 
are removed through the bottom of the pocket periodically after first closing 
off the upper end of the pocket by a valve. The little hydraulic classifier 
makes a spigot product which is clean copper to the smelter and overflow to 
a trommel with 6.35-mm. holes. The oversize of the trommel goes by a 
bucket elevator back to the stamp while the undersize passes on to the hydraulic 
classifiers (11) and is treated as in the old scheme except that Wilfley tables as 
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well as reyplving slime tables are used for treating the fine stuff. Positive 
accelerated jigs have replaced the Collom jigs to a considerable extent. The 
improvement by the scheme is shown in two directions: 1st, the capacity of 
the stamp raised from 300 tons to 400 tons per 24 hours; 2d, the loss due to 
slime copper in the tailings has been reduced very considerably and the per cent, 
of copper in the tailings is lowered. Another rock house has been built con- 
taining eight Blake breakers with the accompanying grizzlies and bins. A 
new mill has been* constructed with three Nordberg steam stamps and arranged 
according to the improved scheme used in the old mill. 

(A;) MILLS USING FINE CRUSHING AND RIFFLE TABLES OF THE WILFLEY TYPE. 

§ 713. This group includes Mills 49 andl 50. The designers of certain recent 
mills, by using the riffle tables, have made great departures from the graded 
treatmen,t which saves large grains of ore on jigs to prevent formation of slimes. 
Hallett in Mill 49 aims to reach the limit in size, 60 mesh more or less, beyond 
which there are practically no included grains, in order to do clean work whether 
of two or three mineral separation. Bartlett in Mill 50 aims to simplify both 
crushing and concentrating, in his construction account and running account, 
by single stage crushing to 8 mesh or finer and the treatment of the whole pulp on 
tables where two minerals are to be separated. 

The single stage crushing to 8 mesh where the per cent, of concentrates is 
large is rdore expensive than graded crushing, since in the latter case a consider- 
able amount of concentrates is saved coarser than 8 mesh and the crushing is 
reduced. Bartlett claim-s to offset this excuse by the simplicity of his operation. 
The single stage crushing to 60 mesh is still more expensive and a great producer 
of slimes.' Hallett claims to offset these disadvantages by the simplicity of 
his mill, by the cleaner work done and by the fact that the tables can treat the 
very fine slimes when suitably adjusted. 

As the book goes to press (1903) riffle tables of the Wilfley type have been re- 
ceived- to* a most extraordinary extent; in fact, the use of the Wilfley table has 
probably spread more rapidly than any other machine in the history of concen- 
tration, But adoption of fine crushing with only riffle tables to displace the 
complex jigging, mill with its slime preventing graded treatment is still in the 
tentative stage. The mill men of the country have not been sufficiently con- 
vinced to adppt this new plan. 

§ 714. Mill !no. '^49. New Smuggler Concentrator, Aspen, Colorado. — 
Capacity 125 tpns per 24 hours. The mill runs 24 hours per day, 7 days por 
week. The ore is the same as that of Mill 28. The problem is to save the load 
(together y^ith the iron) and the zinc separately. The ore is brought in bottom 
dischargipg cars to (1). 

1. No, 1 or receiving bin. By automatic feeder, similar to Tulloch feeder, 

to (2). ; 

2. A shaking grizzly. Oversize to (3) ; undersize to (4). 

3. Ope No. 1 Dodge breaker, 11 X 15 inches, crushing to 2 inches. To (4). 

4. From> (2) and (3). One pair of No. 1 rolls, 36 X 14 inches, set elos(‘ 
together, making 52 revolutions per minute. By No. 1 bucket elevator to (5). 

5. Two No. 2 bins. By two automatic feeders, similar to Tulloch finders 
To (6). 

6. Two 6-foot Trent Chili mills, using screens with so-called 60-niesh slots, 
revolving 22 J times per minute. To (7). 

7. From (6) and (17). Two No. 1 hydraulic classifiers. Meinecke classifiers, 
each with three spigots. 1st spigots to (9) ; 2d to (10) ; 3d to (11) ; overflow 
to (8). 
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8. Two No. 1 box classifiers each with five spigots. 1st spigots to (12) ; 2d 
to (13) ; 3d to (14) ; 4th to (15) ; 5th to (16) : overflow to (30). 

9. Trom (7). Two No. 1 Hallett tables. Lead concentrates to (28); mid- 
dlings by Prenier sand pump to (17) ; tailings to (30) ; muddy water to (25). 

10. Prom (7). Two No. 2 Hallett tables. Lead concentrate^ to (28) ; 

middlings to (18) ; tailings to (30) ; muddy water to (25). 

11. Prom (7). Two No. 3 Hallett tables. Lead concentrates to (28); 

middlings to (19) ; tailings to (30) ; muddy water to (25). 

12. Prom (8). Two No. 4 Hallett tables. Lead concentrates to (28); 

middlings to (20) ; tailings to (30) ; mudidy water to (25). 

13. Prom (8). One No. 5 Hallett table. Lead concentrates to (28) ; mid- 
dlings to (21) ; tailings to (30) ; muddy water to (25). 

14.1 Prom (8). One No. 6 Hallett table. Lead concentrates to (28); mid- 
dlings to (22) ; tailings to (30) ; muddy water to (25). 

15. Prom (8). One No. 7 Hallett table. Lead concentrates to (28); mid- 
dlings to (23) ; tailings to (30) ; muddy water to (25). 

16. Prom (8). One No. 8 Hallett table. Lead concentrates to (28) ; mid- 
dlings to (24) ; tailings to (30) ; muddy water to (25). 

17. Prom (9). One 5-foot Trent Chili mill using a screen with -so-called 80- 
mesh slots. To (7). 

18. Prom (10). One No. 9 Hallett table. Lead concentrates to (28) ; zinc 
concentrates to (29) ; tailings to (30). 

19. Prom (11). One No. 10 Hallett table. Products like (18). 

20. Prom (12). One No. 11 Hallett table. Products like (18). ' 

21. Prom (13). One No. 12 Hallett table. Products like (18). 

22. Prom (14). One No. 13 Hallett table. Products like (18). 

23. Prom (15). One No. 14 Hallett table. Products like (18). 

24. Prom (16). One No. 15 Hallett table. Products like (18). 

25. Prom (9), (10), (11), (12), (13), (14), (15), (16). One No. 2 box 
classifier with two spigots, 1st spigot to (26) ; 2d to (27) ; overflow to (30). 

26. One No. 16 Hallett table. Products like (18). 

27. Prom '(25). One No. 17 Hallett table. Products like (18). 

28. Prom (9), (10), (11), (12), (13), (14), (15), (16), (18), (19), (20), 
(21), (22), (23), (24), (26), (27). Settling tanks or bins for lead concentrates 
which go to the drier and are then shipped to smelter. 

29. Prom (18), (19), (20), (21), (22), (23), (24), (26), (27). Settling 
tanks or bins for zinc concentrates which are stored for a possible market later. 

30. Prom (8), (9), (10), (11), (12), (13), (14), (.15), (16), (18), (19), 
(20). (21), (22), (23), (24), (25). (26), (27). Tailings launder to waste. 

The ore contains 5 to 20% lead and 30 to 35% zinc. The lead concentrates 
contain 60 to 75% lead and not over 6% zinc. The zinc concentrates contain 
45% zinc and not over 1.5% lead. The tailings contain 0.9% lead. 

The reader’s attention is called to the very complete system of classification 
and of final concentration for the ‘reparation of three minerals, adopted in this 
mill, and also to the removal of muddy water from the table for separate treat- 
ment, thereby overcoming one of the sources of loss on riffle tables. 

§715. Mttx No. 50. A Bartlctt Mill in Artzona.^s*^ — C apacity 20 tons 
in'll hours. The ore consists of the economic minerals galena, chalcopyrite, 
and blende and a ganguc of tough hornblende and quartz. The problem is to 
save the lead in one product and the copper and zinc in another. The ore is 
brought by a tramway to the second storv of the mill to (1). 

L One breaker, a Gates No. 2. To (2). 

2. Prom (1) and (4). One bucket elevator, lifting 24 feet. To (3). 
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ence is in the absence of the pontoon, the centrifugal pump being mounted on 
the bank.®®" 

§ 717. Gold Dkedging is a process that has been developed very rapidly during 
recent years. Originally confined to the bed's of the riveis, it is now applied to 
the river banks and even to land at some distance from a stream. It has the 
advantage that it is able to work large quantities of material at a low cost and 
with a small consumption of water. Unlike hydraulicking, it does not fill the 
rivers with debris and damage agricultural land's. 

The author is unable to refer the reader to any treatise on this subject, and will 
therefore give the details of two dredges, followed by a short general discussion 
which, owing to lack of space, will be in no way commensurate with what the im- 
portance of the subject deserves. 

§ 718. Mill No. 51. A Gold Dredging Plant at Yreea, California. — 
Theoretical capacity 2,000 cubic yards in 24 hours, using the 2-cubic yard 
dipper; but actual capacity is not over 1,600 cubic yards, or even much less, 
owing to the presence of large boulders and hard bed rock. The dredge runs 24 
hours per day. The material is auriferous gravel, sometimes cemented together, 
consisting of the economic mineral native gold mixed with boulders, gravel and 
sand. The problem is to save the gold. All the machinery of the dredge is 
mounted on a scow 70 feet long, 54 feet wide and 94 feet deep. There are three 
spuds, two in front and one in the rear, each 24 X 24 inches. Each spud can be 
raised or lowered by means of wire ropes from hoisting drums, passing over pul- 
leys at the top and bottom of the spuds. For moving the dredge there are also 
six guy lines of wire ripe, two on each side and one on each end. The material 
is raised by (1). 

1. A dipper dredge (steam shovel type) with a capacity of either one or two 
cubic yards, suspended from a boom and dipper rod. The dip;^r has from 40 
to 60 tons thrust on its edge. Bed rock of slate and shale is easily cut by 
using the dipper holding one cubic yard and having two or three prongs on its 
front edge. A special rubber flange keeps the door of the dipper perfectly tight. 
The dredged material is dumped upon (2). 

2. A flat hopper on which the clay and cement are disintegrated by a powerful 
jet of water from a steam pump and the largest boulders removed by hand out 
through a side chute to waste. To (3). 

3. A trommel 3^ feet diameter, 20 feet long, sloping 14 inches per foot or 7° 7' 
(slope adjustable), of rolled steel, with the holes tapering inwards to prevent 
clogging. Sectional with J, f and f-inch round holes. Oversize to (4) ; 
undersize by distributor to (6). 

4. A sluice with riffles. Heavy material caught in riffles and cleaned out 
monthly to (9) ; residue to (5). 

5. A bucket elevator or ^^staoker” which slopes out over the stem of the dredge 
and delivers the waste material at some distance behind and above the dredge. 

6. From (3). Twelve No. 1 tables, six on each side of the trommel. In- 
clined stationary tables, each 4 feet long and 325 inches wide, covered by cot- 
ton cloth overlaid with cocoa matting on top of which are expanded metal riffles. 
The matting is taken off every 6 to 8 hours and the adhering gold and black sand 
washed off in (9) ; tailings to (7). 

7. Twelve No. 2 tables. Like (6). Gold and black sand to (9) ; tailings to 

( 8 ). 

8. A sluice with riffles in it. Heaw sand and gold cleaned out monthly to (9) ; 
tailings flow over the stem of the dredge to waste. 

9. From (4), (6), (7) and (8). Tank for washing off the cocoa matting 
and receiving concentrates from riffles. Settlings pass out of a spigot to (10). 
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10. A sluice containing Brussels carpet, riffles and riffles containing mercury, 
having a total len^h of ab^out 20 feet. Gold to market; residue to waste. 

The labor required is ten men per 24 hours divided into two shifts of 12 
hours each: 2 operators, 2 dipper tenders, 2 roustabouts, 2 firemen and 2 wood 
passers. 

Power is furnished by steam. A compound engine runs the spud dru m s, the 
guy drums, the centrifugal pumps, the trommel and the stacker. A duplex 
engine with cylinders 12 X 18 inches does the hoisting of the dinper and a small 
engine with a 7-inch cylinder swings the dipper boom. 

Water for the hopper (2) is supplied by a Blake pressure pump with 3-inch 
discharge pipe. Two centrifugal pumps with 10-inch discharge pipes, each 
delivering about 2,500 gallons per minute, supply water to the trommel (3) 
through a perforated spray pipe. 

§ 719. Mill No. 52. Kia Oea Gold Deedging Company on the Feather 
Eivee, Oeoville, Calieoenia. — ^Theoretical capacity 2,500 cubic yards per 24 
hours, but it does not average half that amount. The dredge runs 24 hours per 
day, 6 days per week, as far as possible. The material is auriferous gravel and 
sand which overlies a bed rock of lava ash to a depth of 16 to 26 feet below water 
line. The problem is to save the gold. This dredge is working 3,000 feet from 
the river and a paddock 11 feet deep had first to be dug to float it. All the 
dredging machinery is mounted on a scow 70 feet long, 29 feet wide, and 5^ feet 
deep with an undercut stem and rounded bow. There is an opening extending 
from the bow part of the way toward the stem for the ladder of the dredging 
buckets. The material is lifted by (1). 

1. A bucket dredge with 38 buckets, each holding 3^ cubic feet and! dumping 
13 buckets per minute. The buckets have sharp renewable hard nickel steel 
edges for digging into bed rock and are mounted on a frame, called a ladder, 
about 70 feet long, which is pivoted at the upper end and suspended at its lower 
end from a frame af the bow. The ladder extends 16 feet in front of the bow. 
The buckets are driven from a 4-sided tumbler at the upper end through gearing 
and belt from the engine and pass around a 5-sided tumbler at the lower end. 
A friction clutch allows the buckets to slip in case they meet an obstruction. The 
buckets dump over a delivery plate to (3) ; any drippings from the buckets are 
caught on (2). 

2. Three sets of grizzlies. The exact details are not known to the author, but 
they presumably yield oversize to waste and undersize to the tables. (5). 

3. From (1). A trommel of plate iron, 4 feet diameter, 24 feet long, with 
9.5-mm. round holes, revolving on friction rollers and having an inside per- 
forated spray pipe delivering 2,000 to 3,000 gallons of water per minute. The 
material is disintegrated as well as screened. Oversize to (4) ; undersize to 
distributing boxes and thence to (5). 

4. A bucket elevator or ^^stacker’^ driven by wire rope at the upper end which 
delivers the coarse tailings in the rear of the scow and 25 feet above water level. 

5. From (2) and (3). Four inclined stationary tables, each about 10 feet 
long and 11 feet wide. Each table is divided into two or three sections by lon- 
gitudinal partitions. The tables are madie of cast iron to prevent warping and 
covered with cocoa matting which is overlaid with expanded metal riffles. Nearlv 
all of the gold is caught upon the upper 6 inches of the tables. Periodically the 
material is shut off from the table and the matting taken off and washed in (7) ; 
tailings of tables to (6). 

6. A flume with angle iron riffle blocks. Heavy material containing gold, 
cleaned out periodically, to (8) ; ladings flow over the stem of the boat to waste. 

7. From (5). Wa<^hing tank. Settlings to (8). 

8. From (6) and (7). The gold which is mixed with black sand and other 
waste material is separated out, cleaned and sent to market. 
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The labor required is seven men: 1 dredge master^ 1 engineer^ 3 winch men 
(each working an 8-hour shift), 2 firemen (each working a 12-hour shift). 

Power was furnished by steam boilers burning about 2^ cords of good wood 
per 24 hours. ^ A vertical compound marine engine indicating 45 horse power 
ran the dredging buckets, the trommel, the centrifugal pumps and the stacker. 
A pair of donkey engines ran a winch with six drums : four for the mooring lines 
from the four comers of the boat, one for the head line, and one for raising and 
lowering the ladder. A direct connected high speed engine ran the electric light 
dynamo. All steam was condensed by a surface condenser placed in the suction 
of the centrifugal pump. Electricity has since been brought to the dredge and 
the machinery is now run by electric motors. A 50-horse power induction motor, 
delivering an average of 25 horse power, runs the dredging buckets. A 20- 
horse power induction motor runs the trommel and stacker. The two centrifugal 
pumps each require 15 horse power. 

Water is pumped from the pond by two centrifugal pumps. One delivers 
2,000 gallons per minute to the trommel and the other supplies the distributing 
boxes and the grizzlies. As the dredge is in an artificial pond', the seepage has 
to be taken care of and it is necessary to pump in 250,000 gallons per 24 hours 
from Feather Eiver through a flume 3,000 feet long. 

Material in this district runs from $0.15 to $0.20 per cubic yard. The tailings 
of the dredge seldom show a trace of gold. The saving made by the dredge is esti- 
mated to be very high. During a certain period while $2,500 was cleaned up 
from the tables (5), only $16 was obtained from the riffles (6). The cost is 
$0.05 per cubic yard, including depreciation of plant. 

During a period of 430 days the dredge was able to work only 275 days, in 
which time 340,068 cubic yards (bank measurement) were lifted. One cubic 
yard in the bank swells to 1.615 cubic yards in the bucket. 

§ 720. Gold Dredging in General. — This process is now used in N"ew Zea- 
land, Australia, Siberia, Alaska, British Columbia, and in the states of Colorado, 
California, Oregon, Idaho and Montana. Many failures have been made through 
ignorance of the fact that all auriferous ground is not suitable for dredging. 
Unfavorable ground is that which contains large boulders, stumps of trees and 
hard and broken bed rock in the cracks of which the gold will accumulate and be 
removed with difficulty. In rivers the dredge usually works up the stream and a 
swift current or the occurrence of floods are troublesome. In general in starting 
it is wise to do some prospecting to ascertain : ( 1 ) the quantity and character of 
the gold by panning or by a test run on material from the surface to bed rock ; 
(2) the room for a dump for tailings; (3) the absence of large stones — over 500 
pounds — which the dredge cannot handle; (4) the area and the depth of the 
material to bed rock ; (5) the amount of sediment deposited over the gold bearing 
gravel in the ease of rivers ; (6) the fuel supplv. 

Besides the continuous bucket and the dipper dredges of Mills 51 and 52, 
other types have been employed at one time or other, such as the clam shell dredge, 
the orange peel dredge, suction dredges and an Archimedes screw dredge. The 
clam shell dredge and the orange peel dredge are not favored, since (1) they de- 
liver the material intermittently; (2) they are leaky, allowing the gold to escape; 
and (3) the dredge must be <5et on spuds as otherwise it would rock and interfere 
with the work of the gold saving tahlec: The^e spuds do not allow so much elas- 
ticity as mooring lines and with them the dredge is not so ea^iilv moved. Suction 
dredgCvS which draw up the material bv mean^ of large centrifugal pumps with a 
12-inch suction pipe or by some other vacuum-producing device have proved fail- 
ures in most eases although two are used on the Snake Eiver, Idaho. They can- 
not deal with hard rock or coarse material and stones are liable to jam in the suc- 
tion pipe. The power consumed by them is very high, the wear is considerable 
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and they fail to lift the heavy gold with the lighter sand owing to the decrease of 
suction a short distance away from the pipe. The only dredge of the Archimedes 
screw type known to the author was located in California and proved a failure. 
The dipper dredge (steam shovel type) has the disadvantages that the gold is 
liable to leak out of the dipper, it delivers the material intermittently, it require^ 
spuds, it disturbs the gravel more and is more costly to run than the bucket dredge. 
It has an advantage where large boulders are to be handled. The bucket dredge 
is the favorite dredge to-day. More of them are used than all the others put 
together and in some cases they have actually replaced dipper dredges. They can 
handle both coarse and fine material, they do not stir up the gravel, and they de- 
liver the material in a continuous stream. They cannot deal successfully with 
hard and tough bed rock or with boulders although for the latter on some bucket 
dredges a few of the buckets are replaced by grabs in the form of hooks. Bucket 
dredges have been made with buckets of all sizes up to cubic feet, which occurs 
on a Knott dredge and which corresponds to a theoretical capacity of 6,400 cubic 
yards in 24 hours. There is a limit to the capacity of a dredge for the reason 
that a limited area can be allowed for the gold saving tables. To overcome this 
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difficulty the dredged mate- 
rial has sometimes been 
transferred for treatment 
to apparatus mounted on a 
second scow or on the shore, 
but so many new difficul- 
ties are met with that 
neither of these schemes 
has been employed to any 
extent. The Knott dredge 
also has an arrangement 
whereby the buckets are 
kept vertical and come up 
full, no matter at what 
depth they are working, 
and the ladder can swing 
180°. On the IJrie dredge 
is an arrangement whereby 
the buckets may be only 
partly or wholly filled. The 
Bucyrus dredge is made in 
two forms: — ^the single lift 
and the double lift. The 
former is similar to that 
described in Mill 52 and is 
shown in Figs. 521a and 
5215, while in the latter 
the trommel is placed at a 
lower level and the fine 
undersize of tlie trommel is 
elevated to the gold sav- 
ing tables by a centrifu- 
gal pump. It is claimed 
that the blades of the 
pump disintegrate any clay 
balls that may have pre- 
viously escaped. It would 
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also brighten the gold for amalgamation, if amalgamation were used on dredges. 
Under favorable conditions dredges can work to a depth of 60 feet below water 
level, and can stack tailings to a height of 60 feet above water level. When 
worlmg' in high banks a hydraulic nozzle has been used to cut down the bank in 
advance and thereby prevent the buckets from being buried' by a falling bank. 
On some bucket dredges a stream of water is used to wash out any material ad- 
hering to the inside of the buckets and the washings together with any spill from 
the buckets are pumped up and run over the tables. 

The trommels on dredges vary from 16 to 25 feet in length, are made of steel 
plate ^ inch thick, or sometimes of bars, and the size of the holes varies from 
inch at the upper end to f inch at the lower. To help the disintegration, angle 
irons have been used on the inside of the trommel. On some dredges, two trom- 
mels are used. Instead of trommels, fixed grizzlies or shaking screens are found. 
Grizzlies do not disintegrate the material as well as trommels. Shaking screens 
have been little used although they have been recently installed at Oroville, Cali- 
fornia, where they have been claimed to be more efficient, to use less power, and to 
use less than half as much water as a trommel. Stationary screens of perforated 
plate are used in some instances for fine screening. 

The rear elevator or stacker is a comparatively recent development of the 
process. When working in rivers it is not necessary to elevate the tailings, and 
as a rule in other places it is only the coarse tailings that are lifted, although 
occasionally in large deposits the fine stuff is taken as well as the coarse. The 
buckets are perforated to allow the water to drain out, as otherwise it would be 
dtumped on the top of the pile and would wash down the tailings. Other devices 
are: (1) to elevate the tailings to an elevated launder and let them flow off by 
gravily; (2) to use belt conveyors with little cleats on them which are cheaper 
and wear less than bucket elevators ; (3) to pump them up through a tailings pipe, 
which is expensive in power and wear. 

Stationary inclined tables covered with cocoa matting overlaid with expanded 
metal or wire netting are the form of gold saving appliance in common use to- 
day, but many other forms have been and still are employed. Among them are 
vanners, riffles, and amalgamated plates. A dipper dredge connected with a 
vanner plant on the shore proved a failure in one ease in California, while in 
another case it did not. Eiffles (not including the riffles of expanded metal on the 
tables) are more or less used in ihe sluices (see § 510). They are satisfactory for 
catching the coarser gold, but for the finer particles they do not seem to be as 
efficient as tables. Eiffles with mercury in them are not favored. With amal- 
gamated plates the coarse material passing over them is liable to scour them too 
much. Another obstacle to the use of mercury in gold dredging is that tlie gold 
is generally rusty, that is, coated with some foreign substance so that it cannot be 
amalgamated without first being brightened. An exception to the use of m(T- 
cury is at Oroville, California, where they now use tables with riffles containing 
mercury on them, and with frequent steps or drops in the table. With this 
arrangernent they claim to save 12 or 13% more gold which formerly went to 
waste owing to its fineness. Among the different kinds of tables found on differ- 
ent dredges are the following: — burlap, burlap followed by canvas, burlap ov(*r 
amalgamated plates, burlap over cotton cloth which is used to catch any gold 
that sifts through the coarse burlap, cocoa matting over cotton cloth, baize, 
plush, blankets, Brussels carpet. Canton flannel, and rough boards. All of the 
preceding may have expanded metal over them. When coarse stuff passes over 
the tables they are quite often overlaid a short distance above their surface by a 
perforated plate which arrangement saves wear of the tables and gives the gold a 
better chance to be caught. As a rule the tables slope about inches per foot 
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or 7®^ 7'. They are 16 to 18 feet long and the sections are '3 or 4 feet wide. The 
matting or burlap is in lengths of 3 or 4 feet to be easily removed for cleaning. 
Tables are preferred to narrow sluices and it is better to have short tables of 
good width rather than long tables of narrow width. 

The cleaning of the tables should be made often enough to prevent loss of gold 
over the tail. The prevailing opinion is that when the surface of the table has 
been filled with black sand from head to tail then some of the gold will be unable 
to displace the black sand and will slip by to waste. 

In working up the concentrates from the tables they may be worked up with 
mercury in a clean up pan or some similar device with or without the use of chem- 
icals. or the gold may be extracted from them by further concentration as indi- 
cated at the end of § 505. The latter method is the usual one. A method used 
on a dredge in Montana is to treat the concentrates in a kieve and then pan the 
^‘bottoms” or heads of the kieve. 

In addition to the use of steam and electricity for power as described in Mill 
52, there are a few instances of the use of water power in the shape of Felton 
wheels mmmted on the dredge and harag the water brought to them under a suSi-* 
cient head through a flexible pipe. Formerly the so-called current wheel dredges 
were found in New Zealand. They were driven by the current of the river by - 
means of large paddle wheels on the side of the dredge. These had a small first 
cost and small labor and power cost, but they had small capacity and could not. 
run except where the current was strong. When two or three dredges are working 
near one another the use of electricity generated at a central station is more, 
economical than steam plants on each dredge and smaller boats can be used. 

The water required on a dredge is 2,000 gallons more or less per cubic yard 
dredged. Where a dredge is working in an artificial pond a supply of fresh water, 
is necessary in order to prevent the water from becoming too muddy. On steams 
dredges, drawing the water through a condenser serves the double purpose of con- 
densing the steam and warming the water in cold weather. 

The cost of dredging is very variable, depending upon the conditions. TJudet 
favorable circumstances the work can be done for $0.04 to $0.12 per cubic yard. 
As low as $0.03 is reported. The average daily expenses of a bucket dredlge should 
not be over $55 to $60 per day for a capacity of 1,000 to 1,500 cubic yards per 24 
hours. On Snake Eiver, Idaho, a centrifugal pump suction dredge cost $100< pex 
day, a bucket dredge cost $75. In Montana the bucket dredge ^^A. E. Graeter,^ 
run by steam, cost $0.09 per cubic yard while the bucket dredge “F. L. Graves,’' 
run by electricity, cost $0,045. On the Yuba Eiver, California, the cost is $0.03 to- 
$0.05 per cubic yard. In New Zealand five dredges ranged from $0,032 to $0,155 
with an average of $0,065. If many difficulties are met the cost will be consid- 
erably above the previous figures. The cost of a steam dredge in position will 
vary from $15,000 to $60,000 or even more depending upon its location. The 
Pomeroy dredge in Eastern Oregon cost $60,000, handles 2,000 cubic yards in 
24 hours, requires 10 men, and costs $0.05 per cubic yard. 

GOLD MILLS WITH GRAVITY STAMPS WITH OR WITHOUT AMALGAMATED PLATES 

AND VANNERS. 

§721. Groups (m) to (r) inclusive include mills for extracting gold from 
mine quartz or rich gravel, the essential feature of which is gravity stamps, to 
which may be added amalgamated plates and vanners and many other devices. 
Instead of gravity stamps other forms of fine crushing machinerv such as Hunt- 
ington mills, ball mills, Chili mills, Tustin mills, etc., are occasionally used. 

After stamping, the gold may he in any of the following conditions: — • 
free and bright in compact forms ; 
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free and bright in finely abraded slimes ; 
rusty in compact or flattish forms ; 
included in pyritie minerals, compact or fiattish ; 
combined with tellurium, compact or fiattish; 
included in grains of quartz ; 
in fine pyritie and telluride slimes. 

The compact bright gold and' the finely abraded slime gold are easily caught 
on amalgamated plates ; the latter is probably better caught if the plates give the 
pulp successive drops. The compact grains of rusty gold, of gold included in 
pyritie mineral andi of telluride of gold are easily caught by a vanner. The 
flattish grains of rusty gold and telluride and the included grains may be dijBS.- 
cult to catch. To save them requires the putting of too much quartz in the heads 
and the consequent drop in assay ; if too much goes into the tailings the tailings 
go up in assay. The fine slimes of pyritie mineral and telluride and, if no amal- 
gamated plates are used, the finely abraded gold go into the tailings of the vanner 
to a considerable extent. Tellurides of gold are difficult to save in this way be- 
cause they are very brittle and slime badly, they do not amalgamate, and they are 
more or less volatilized in subseauent roastinp^ operations. In case they are pres- 
ent in any considerable quantity it is advisable to use some non-sliming crushing 
apparatus, then to concentrate and ship the concentrates to a smelter. The Tus- 
tin mill at Murphys, California, did this successfully. 

In all the gold’ mills with gravity stamps, graded crushing is absent, since the 
object of using stamps is to pulverize the ore. For this reason the use of griz- 
zlies probably does not lessen the quantity of slimes produced but merely serves to 
increase the capacity of the breakers and lessen their wear. Similarly the use of 
a fine Dodge breaker between the automatic feeder and the stamps®®® has the 
effect of only increasing the capacity of the stamps. 


(m) GOLD MILLS WITH GRAVITY STAMPS AND VANNBRS BUT WITH NO AMALGA- 
MATED PLATES. 

§•. 5 ^. This group includes Mills 53, 54 and 55. The ores are dressed by 
breake^Sjv^^lifornia stamps stamping cqarse, and vanners. The compact grains 
of gold or mi^alized metal are all easily saved by the vanners. The flattish 
and included ^ins are partly saved in the vanner heads and partly lost in the 
tailings. The finely slimed mineralized and free metal are saved only so far as 
the vanner can save them,' unless a canvas plant is used as noted under Mill 55. 

Amalgamated plates are not used in these mills because the amount saved bv 
them would be too small. Mill 53 would save 30% of the gold as free gold by 
mercury, but this gold is caught by the concentration and the final saving is the 
same, and one process is used instead of two. Since it is cheaper to recover gold 
by amalgamation than it is by concentration followed by chlorinating or smelting 
of the concentrates, it will be a question for the ledger to decide whether to use 
amalgamation and concentration combined or concentration alone. In the lat- 
ter case, some other form of crushing apparatus, such as a Tustin mill, which does 
not make as many fines as stamps, would be preferred. 

§ 723. Mill No. 53. Hector Mining Company, Telluride, Colorado. — 
Capacity 90 tons per 24 hours. The mill runs 24 hours per day, probably 7 days 
per week. The ore consists of the economic minerals pyrite, a little chalcopyrite 
and tetrahedrite, and a very little galena and free gold, and a gangue of white and 
blue quartz. The problem is to save the gold, silver, and lead. The ore is 
brought in ears holding 2,700 pounds to (1). 
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1. Three N’o. 1 or receiving bins with 45® bottom, each holding 100 tons. By 
three gates and chutes to (2). 

2. Three No. 1 Dodge breakers, X 6 inches, crushing to J inch. To (3). 

3. Three No. 2 bins, each holding 50 tons. By six Hendy feeders to (4). 

4. Thirty gravity stamps arranged in six batteries, using a screen with 0.70-mm. 
square holes. Pulp to (5) ; at weekly clean up, scrap iron to waste and coarse 
rock returned to mortar. 

5. Ten 4-foot Prue vanners and two 7-belt Woodbury vanners. Heads shipped 
to smelter; tailings to waste. 

The labor required is 10 men per 24 hours divided into two shifts of 12 hours 
each : 4 breaker men, 2 stamp men, 2 vanner men, and 2 others. Wages range 
from $3 to $4.50 per day. Board costs $30 per month, coal $10 per ton and wood 
$5 per cord. 

Power for six months in summer is derived from water power running Pelton 
wheels under a head of 425 feet. A 3-foot wheel runs the breaker and stamps and 
a smaller wheel runs the vanners. In winter the power is furnished by two 60- 
horse power fire tube boilers and one 100-horse power engine. The horse power 
used is : breakers, 15 ; stamps and feeders, 35 ; vanners, 10 ; total, 60. 

Water is derived from Marshall Creek by a pipe 12 inches diameter and 1,200 
feet long. The stamps use 34,560 gallons in 24 hours and the vanners 17,280 
gallons. 

The ore runs $5 to $10 per ton. The concentrates contain 5 to 10 ounces gold 
per ton, 30 to 35 ounces silver, and 5 to 12% lead. The tailings contain a irace 
of gold and 0.75 to 1.00 ounce silver per ton. One hundred tons of ore yield 5 
tons of concentrates and 95 tons of tailings. The mill saves 90 to 95% of the gold 
and 65% of the silver. 

§ 724. Mill No. 54. Hobnsilver Mining Company, Fbisco, Utah. — Ca- 
pacity 100 tons in 24 hours. The mill runs 24 hours per day, probably 7 days 
per week. The ore consists of the economic minerals native silver, argentite, 
cerargyrite, and cerrusite, and a gangue of quartz, calcite and siderite. The 
problem is to save the lead, silver, and gold. The ore is sorted into smelting ore 
which goes to the smelter, and concentrating ore to (1). 

1. A gravel screen with IJ-inch square holes. Oversize to (2) ; undersize to 
(3). 

2. One No. 1 breaker, a Comet D, crushing to 2 inches. To (3). 

3. From (1) and (2). Mill bin. By six chutes and six Hendy feeders to (4). 

4. Thirty gravity stamps arranged in six batteries, using a 24-mesh wire screen. 
Pulp to (5). 

5. Six 6-foot Frue vanners. Heads to (7) ; tailings to (6). 

6. Twelve 6-foot Frue vanners. Heads to (7) ; tailings to waste pond. 

7. From (5) and (6). The concentrates are sold to the silver-lead smelters to 
the highest bidder. 

Water is pumped back from the waste pond to the mill. 

Analyses are as follows: 



Silver. 

Ounces per Ton. 

Gold. 

Ounces per Ton. 

Lf^ad 

% 

Copj) 0 r. 

UmAlfino ■frATYl TYllTIA 

80 

10 

40 to 60 

1.5 


40 

15 

50 to 70 

2 

1 


Concentrating ore from the mine 

Concentrates 

0.06 

0.15 to 0.25 
Trace. 

2 

Tailings 

Trace. 



One hundred tons of ore mined yield 20 to 40 tons of smelting ore, and 60 to 
80 tons of concentrating ore. Eighty tons of concentrating ore yield about 15 
tons of concentrates and 65 tons of tailings. 
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The reader will notice the arrangement of the vanners in series with six in the 
first set and twelve in the second, instead of eighteen in parallel as would be the 
usual arrangement. At this mill the loss in silver is mainly due to cerargyrite 
(homsilver) which is diffiicult to save owing to its scaly form, and which slips 
away in the tailings. This mineral has the name of being difficult to concentrate 
but at Tombstone, Arizona/^ a plant is reported to have worked very successfully 
on tailings from pan amalgamation which contained homsilver 'down to the 
fineness of slimes. The plant had a capacity of 150 to 170 tons in 24 hours and 
consisted of two 1.2-mm. trommels and a box classifier, the products of which were 
at first treated on two jigs and six convex revolving slime tables; later the coarsest 
slime tables were replaced by Frue vanners. 

§ 725. Mill IsTo. 55. Pandora Mill of the Smuggler-Union Mining 
Company, Telluride, Colorado. — Capacity 130* tons in 24 hours. The mill 
runs 24 hours per day, 7 days per week. The ore consists of the economic 
minerals pyrite, chalcopyrite, galena, sphalerite, several arsenical silver minerals 
and occasionally native gold and silver, all finely disseminated, and a gangue of 
quartz with a little rhodocrosite, calcite and barite. The ore is hauled in cars, 
holding 1 ton, to the rock house where rich smelting ore is picked out on chutes 
and aprons, and the residue goes by a Bleichert wire tramway, with buckets hold- 
ing 500 pounds, 1 mile to (1). 

1. No. 1 or receiving bin holding 25 tons. By shovel to (2). 

2. One No. 1 Blake breaker, 10 X 15 inches, crushing to l| inches. To (3). 

3. No. 2 or stamp bin, holding 200 tons. By 10 gates and chutes and 10 
Hendy feeders to (4) . 

4. Fifty gravity stamps, arranged in ten batteries, using screens with 1.10-mm* 
square holes. Pulp to (5) ; at monthly clean up, scrap iron to waste, coar^^e ore 
returned to mortar. 

5. No. 1 vanners. Sixteen 4-foot Frue vanners and fourteen 4-foot Triumph 
vanners. Heads to smelter; tailings to (6). 

6. A screen with 40-mesh holes. Oversize to (7) ; undersize to waste. 

7. A Huntington mill with probably a 40-mesh screen. To (8). 

8. No. 2 vanners. Heads to smelter; tailings to waste. 

The labor required is 23 men per 24 hours divided into two shifts of 12 
hours each; 2 engineers, 2 firemen, 2 breakermen, 2 stamp men, 4 vanner men and 
11 others. Wages vary from $3.50 to $4.50 per day. Board costs $30 per month. 

Power is furnished by two fire tube boilers 16 feet long, 4^ feet diameter, with 
44 tubes 3^ inches diameter, running under a steam pressure of 90 pounds per 
square inch, and an engine with cylinder 18 X 36 inches, making 78 revolutions 
per minute, cutting off at f stroke and indicating 150 horse power. 

The water required for the stamps is 132 gallons per minute. The ore stamped 
contains about 0.5 ounce gold and 13 ounces silver per ton ; the concentrates con- 
tain 2 to 3 ounces gold and 50 ounces silver; the tailings contain 0.14 ounce gold 
and 5 ounces silver per ton. About 10 or 15% of the ore mined is picked out in 
the rock house as rich smelting ore. One hundred tons of ore stamped yield about 
20 tons of concentrates and 80 tons of tailings. The mill saves about 80% of the 
gold and about 60% of the silver. 

An analysis of the ore showed; SiO> (silica), 70.42% ; FeS. (pyrite), 5.57% * 
Fe.O„ 3.64% ; MnCO„ 1.69% ; AloO„“9.94% ; CaCO, (calcite), 3.*54% ; MgOO„ 
0.98% ; ZnS (blende), 1.52% ; PbS (galena), 0.76% ; Cu,SFe>S, (chalcopyrite), 
0.17%. An analysis of the concentrates showed: SiO„ 39.92% ; FcS„ 26.89% ■ 
FeoO„ 4.50% ; MnCO„ 3.51% ; A1,0„ 6.20% ; CaCO “ 4.48% ; MgCO,, 2.27% • 
ZnS, 5.94% ; PbS, 3.76% ; Cu,SFe“S„ 0.51%. 

The reason given for pulverizing this ore by stamps is that the mineral is 


• Since increased to 200 
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finely disseminated in the gangue and that in order to liberate it, stamps are 
necessary even though they are productive of considerable loss through sliming. 
This loss is bound to occur with stamps although they use a coarser screen than 
is usual. 

Eecent changes in this mill are to use a 10-mesh screen in the stamps instead 
of a 14-mesh (1.10 mm.) and thereby to increase the capacity to 200 tons in 24 
hours. The pulp from the stamps goes to a 20-mesh trommel. The oversize of 
the trommel is crushed by rolls and then joins the undersize which is treated 
on vanners. A Gates canvas plant similar to Mill 78, containing 7,000 square 
feet of canvas, has also been installed to treat the tailings of the mill. About 
75 to 80% of the coarse material goes to cyanide treatment from the hydraulic 
classifier spigot and the remainder goes to the canvas tables. Before it was 
in final running order it was saving $2,000 per month of value which 
formerly went to waste. The concentrates of the canvas plant contain 1 ounce 
gold and 60 ounces silver per ton and 7% lead. 

{n) GOLD MILLS WITH GRAVITY STAMPS AND AMALGAMATED PLATES BUT NO 

VANNERS. 

§ 726. In Mill 56, which is the only mill in this group, the gold is coarse gravel 
gold, and hence the very coarse screen and high speed of stamping. The compact 
nuggets, thin forms and finely slimed gold are nearly all caught on short amalga- 
mated plates or in riffles containing mercury. The rusty gold and black sand 
are mostly caught in riffles ; the black sand is subsequently cleaned up with a hand 
pan. 

§ 727. Mill No. 56. Franklin Mining Company, Placerville, Califor-^ 
NiA. — Capacity 60 tons per 24 hours. The mill runs 24 hours per day, 7 days 
per week. This is a cement gravel mine in which the ore consists of the economic 
mineral native gold and a gangue of loosely cemented conglomerate lying on 
bed rock and containing some black sand. The problem is to save the gold. 
The ore is brought in ears, each holding 1,600 pounds, and dumped into (1) 

1. Receiving bin holding 300 tons. By gates and chutes and two Hendy 
feeders to (2). 

2. Ten gravity stamps arranged in two batteries, using screens with 1.60-mnli 

square holes and having mercury fed to the mortar. Pulp to (3) ; at weekly 
clean up, scrap iron to waste, coarse ore returned to (2), amalgam to (9), and 
black sand to (10). I 

3. Four sets of amalgamated plates and riffles, one in front and one behind 
each battery. Each consists of the following in sequence: A splash plate, a 
lip plate, an apron plate and five cross riffles containing mercury. Amalgam 
from plates and riffles removed every 7 days to (9) ; pulp to (4). 

4. Two collecting sluice boxes, one in front and one behind the batteries. Each 
contains round hole riffles with four cross riffles at the end. Black sand and 
amalgam are cleaned out monthly and separated by hand pans, the former 
going to (10) and the latter to (9) ; pulp to (5). 

5. One main sluice with longitudinal riffles. Black sand cleaned out monthly 
to (10) ; pulp to (6). 

6. One undercurrent with 15-mesh holes. Oversize and some of the water to 
(7) ; undersize and most of the water to (8). 

7. One sluice with Huhgarian riffles. Black sand cleaned out monthly to (10) ; 
pulp to waste. 

8. From (6). Three fixed inclined tables covered with old stamp screens. 
Black sand cleaned off monthly to (10) ; pulp to waste. 

9. From (2), (3), (4), (10). The amalgam is squeezed and then contains 
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about 50^5? gold. It is retorted and the retort residue shipped to market without 
melting. The mercury is used over in the mill. 

10. Prom (2), (4), (5), (7), (8). An amalgamating barrel making 30 
revolutions per minute, in which the black sand is ground by hard round stones 
with mercury and a little sulphuric acid. Amalgam to (9)j tailings stored for 
further treatment. 

The labor required for the mine and mill is 20 men per 24 hours. Wages 
vary from $2.50 per day for laborers to $3 for mechanics. Board costs $5 per 
week and wood is $3 per cord. 

Power is furnished by a Pelton wheel, 6 feet diameter, with l-inch nozzle, 
using 15 miner^s inches of water (about 180 gallons per minute) under a head 
of 180 feet and rated at 9 horse power. 

The water for the mill is part of the waste from the Pelton wheel and the 
amount fed to the ten stamps is 67 gallons per minute. Water costs $0.30 per 
miner’s inch per 24 hours. 

The ore contains 0.12 to 0.40 ounce gold per ton. The black sand assays 1 
to 2.5 ounces gold per ton. The gold is 935 to 956 fine. One hundred tons of ore 
yield a little over 1 ton of black sand and 99 tons of tailings. The mill saves 
by amalgamation from 0.12 to 0.25 ounce gold or even more from each ton of 
ore. The loss of mercury is very small. 

(o) GOLD MILLS WITH GRAVITY STAMPS, AMALGAMATED PLATES AND VANNEES. 

§ 728. This ^oup includes Mills 57 to 70 inclusive. They treat ores contain- 
ing free gold with auriferous pyritic minerals. The compact grains of gold and 
most of the finely slimed gold are caught on amalgamated plates. The compact 
pyrite and rusty gold are caught in the heads of the vanner. The flattish and 
included grains are partly caught in the heads and partly lost in the tailings of the 
vanner. The finely slimed pyritic mineral is caught only so far as the vanner is 
able to catch it. 

§ 729. Mill No. 57. North Star Mining Company, Grass Valley, Cali- 
fornia. — Capacity 64 tons per 24 hours. The mill runs 24 hours per day, 6 
days per week. The ore consists of the economic minerals free gold and auriferous 
pyrites, and a gangue of quartz. The quartz vein is in a country rock of diabase. 
The problem is to save the gold. The ore is hand picked in the mine into clean 
waste and milling ore. Both classes are hoisted separately in cars holding 1,400 
pounds, the former going to the dump and the latter being trammed over a 
trestle to (1). 

1. Eight grizzlies with 2-inch spaces. Oversize to (2) ; undersize to (4). 

2. Eight No. 1 bins with bottoms sloping 43°. By gates to (3). 

3. Three No. 1 Blake breakers, 9 X 15 inches, crushing to 1^ inches. To (4). 

4. From (1) and (3). Eight No. 2 bins with bottoms*^ sloping 43° and 
each holding 30 tons. By eight gates and chutes and eight Hendy feeders to (5). 

5. From (4) and (10). Forty gravity stamps arranged in eight batteries, 
using screens with 0.79-mm. round holes and having mercury fed to the mortar. 
Pulp to (6) ; at fortnightly clean up, amalgam to (10) and battery residue to 
( 8 ). 

6. Eight sets of amalgamated plates and mercury traps. Two sets have the 
following sequence: A lip plate, No. 1 mercury trap, apron plate, sluice plate. 
No. 2 mercury trap, No. 3 mercury trap. Six sets have the following sequence : 
A lip plate, Vo. 1 mercury trap, apron plate, first sluice plate, second sluice plate. 
No. 2 me/cury trap. Pulp to (7) ; at daily clean up. amalgam from plates to 
(10) ; and less often amalgam from traps to (10) and heavy sand to (8). 
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7. 'iw<-*jvo four-foot Triumph vanners and four-foot Frue vanners. Heads 
to cblnrinalmn works; tailings to waste. 

8. From (5) and (6). Clean up barrel, run only at time of fortnightly clean 
up. Pulp hosed out to (9). 

9. IVlechanical batea. Heads consisting of amalgam and coarse material to 
(10) ; tailings, settled in a settling tank and thence to chlorination works. 

10. From (5), (6), (9). Clean up room, containing a clean up pan, three 
panning sinks, hand pans, etc. The products are scrap iron to waste; coarse 
ore to (5) ;. concentrates to chlorination works; amalgam which is squeezed, 
retorted and melted to go to market ; quicksilver used over in the mill. 

The labor required is 5 men per 24 hours. Wood costs $4 per cord. 

The power is furnished by three Pelton wheels running under a head of 275 
f^t. One wheel 3 feet diameter, with ||-inch nozzle, making 372 revolu- 
tions per minute, drives the rock breakers; one wheel 6 feet diameter, with 
Ifl-inch nozzle, making 190 revolutions, drives the stamps; one wheel 2 
feet diameter, with |-inch nozzle, making 390 revolutions per minute, drives the 
vanners. The wheels use 110 mineris inches of water (about 1,276 gallons per 
minute). 

In addition to the water used by the Pelton wheels, the stamps and vanners 
require 10 miner’s inches (about 116 gallons per minute). 

The ore contains from 0.4 or 0.5 to 1.5 ounces gold per ton, average about 0.9 
ounce. The gold is 856 fine. The concentrates assay from 2.5 to 3.0 ounces gold 
per ton and the tailings about 0.025 ounce per ton. One hundred tons of ore 
yield If to 4 tons of concentrates and 96 to 98i tons of tailings. The mill saves 
85 to 91% of the gold by amalgamation, 6 to 12% in the concentrates and the 
remaining 3% is lost in the tailings. Of the gold saved by amalgamation, 66% 
is caught in the mortar, 23% on the lip and apron plates, 8% on the sluice plate 
and 3% on the lower plates. 

§ 730. Mill N’o. 58. Maryland Mining Company, Grass Valley, Cali- 
roRNiA. — Capacity 80 tons per 24 hours. The mill runs 24 hours per day, 7 days 
per week. The ore consists of the economic minerals free gold and auriferous 
pyrites and a gangue of hard quartz and slate. The vein is 2^ feet widte and is 
between a hanging wall of diorite and a foot wall of slate. The problem is to 
save the gold. The ore is hoisted up an incline in a car holding 1,000 pounds and 
dumped upon (1). 

1. Receiving bin with bottom sloping 45° and holding 500 tons, roughly 
divided into two parts. By eight gates and chutes and eight Hendy feeders to 
( 2 ). 

2. Forty gravity stamps arranged in eight batteries, using screen with 0.54 
and 0.59-mm. square holes. Pulp to (3) ; at fortnightly clean up, fine battery 
residue to (7), coarse returned to mortar. 

3. Eight sets of amalgamated plates and mercury traps, each arranged in 
the following sequence: First apron plate. ITo. 1 mercury trap, second apron 
plate, No. 2 mercury trap, sluice plate. No. 3 mercury traps. Pulp to (4) ; at 
dailv clean up, amalgam from plates to (8) ; less often, amalgam from traps 
to (8), and heavy sand to (7). 

4. Ten 4-foot Frne vanners and six 5-foot Triumph vanners. all with amal- 
gamated plates on their distributors. Amalgam cleaned off periodically to (8) ; 
heads to (9) ; overflow of heads tank to (5) ; tailings to waste. 

5. Forty-eight No. 1 settling tanks arranged in 16 sets with three in series in 
each set. Settlings to (9) ; overflow to (6). 

6. One No. 2 settling tank. Settlings to (9) ; overflow to waste. 

7. From (2) and (3). A clean up pan run only at fortnightly clean up. Pulp 
is worked up by hand pans in (8). 
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8. Prom (3)^ (4), (7). Clean up room containing the clean up pan, hand 
pans, panning sink, straining cloths, etc. The products are scrap iron to waste ; 
concentrates to (9); amalgam retorted, melted and shipped to market; quick- 
silver used again in the mill. 

9. Prom (4), (5), (6), (8). Smelting works. The smelting charges being 
$16 per ton make this preferable to chlorination, which costs $18 to $20 per ton. 

The labor required is four men per 24 hours. Wages vary from $2.50 per day 
for laborers to $3 for mechanics. Board costs $5 per week. 

Power is furnished by a Pelton wheel 5 feet in diameter. 

§731. Mill Wo. 59. The Empire Mill, Grass Valley, CALiPOEisriA. — 
Capacity 60 tons in 24 hours. The mill runs 24 hours per day, 6 days per week. 
The ore consists of the economic minerals native gold and auriferous pyrites 
and a gangue of hard quartz and slate. The vein is 1 foot thick in a country 
rock of diabase. The problem is to save the gold. The ore is hoisted in cars 
holding 1-333 pounds to (1). 

1. Twelve Wo. 1 or receiving bins, supplied with ore each from its own level, 
stope or shaft, and from any one of which ore can be supplied to any battery. 
Ore wheeled to (2). 

2. Pour grizzlies with 3-inch spaces. Oversize to (3) ; undersize to (4). 

3. Two Blake breakers, 9 X 14 inches, crushing to 2 inches. To (4). 

4. Prom (2) and (3). One Wo. 2 or mill bin with four sections, two for each 
breaker. The sections are 26 and 34 feet long, 16 feet wide and 12 feet deep, with 
the bottom sloping 40°. By gates and chutes and eight Hendy feeders to (5). 

5. Porty gravity stamps arranged in five batteries, using screens with 0.635- 
mm. round holes, and having mercury fed to the mortar. Pulp to (6) ; at fort- 
nightly clean up, amalgam and battery residue to (8). 

6. Eight sets of amalgamated plates and mercury traps, each arranged in the 
following sequence: Pirst apron plate, Wo. 1 mercury trap, second apron plate, 
sluice plate. Wo. 2 mercury trap. Pulp.to*(7) ; at fortnightly clean up, amalgam 
from plates to (8) ; amalgam and heavy sand from traps to (8). 

7. Sixteen 4-foot Triumph vanners. Heads to chlorination works ; tailings to 
waste. 

8. From (5) and (6). Cleaning up apparatus, consisting of small grinding 
pan, hand pans, amalgamated plates, settling tank, retort, etc. The products are 
coarse ore back to (5), amalgam to retort and the gold to market, fine concen- 
trates to chlorination works, coarse concentrates saved to be reground in the pan, 
paereury to be used over again in the mill. 

The labor required is 7 men per 24 hours. Wages vary from $1.50 or $2.50 per 
day for laborers to $3 or $3.50 for mechanics. 

Power is furnished by Pelton water wheels running und'er a head of 450 feet. 
One wheel 6 feet diameter, using a l|-inch nozzle, making 220 revolutions per 
minute and' developing 80 horse power, runs the breakers and stamps. One wheel 
2 feet diameter, with a ^-inch nozzle not fully opened, making 440 revolutions 
and developing 7 horse power, runs the vanners. 

Water is brought in through a main pipe 22 inches diameter, with branches 
13 inches and 4 inches diameter. The power uses 87 miner’s inches (about 972 
gallons per minute), and the stamps and vapners use 15 miner’s inches (about 
168 gallons per minute). Water costs $0.18 per miner’s inch per 24 hours. 

The ore contains 0.25 to 1.5 ounces gold per ton. The gold is 805 fine. Th(^ 
concentrates contain from 4 to 12 ounces gold per ton. The tailings run from 
0.038 to 0.05 ounce per ton. One hundred tons of ore yield 2J tons of concen- 
trates and 975 tons of tailings. On high grade ore the mill saves about 75% 
by amalgamation and 20% in the concentrates and about 5% is lost in the tail- 
ings. On low grade ore the corresponding figures are 50, 35, and 15% respectively. 
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Of the gold saved by amalgamation, f comes from the mortar and ^ from the 
plates. The loss of mercury is 0.45 ounce per ton of ore. 

Since this mill was visited by the author, a canvas plant has been added for 
treating the tailings and it saves about 4% of the value of the original ore 
which formerly went to waste. 

§ 733. Mill No. 60. The W. T. 0. D. Mill (Work Your Own Diggings), 
Grass Valley, California. — Capacity 34 tons in 34 hours. The urn'll runs 34 
hours per day, 7 days per week. The ore consists of the economic minerals native 
gold and auriferous pyrites and a gangue of hard quartz and slate. The problem 
is to save the gold. The ore is brought in cars to a No. 1 or receiving bin from 
which it is delivered to a No. 3 Gates breaker, crashing to 3 inches. The 
crushed ore falls to the No. 3 or mill bin and is thence fed by four gates 
and chutes and four Hendy feeders to twenty gravity stamps arranged in four 
batteries. These have mercury fed to the mortar and use screens with 40-mesh 
round holes. The mortars are cleaned out fortnightly and yield amalgam, which 
is retorted, and the gold sent to market, scrap iron to waste, coarse ore and sand 
returned to the mortar, and mercury used over in the mill. The pulp from the 
mortar passes to four parallel sets of amalgamated plates and mercury traps. 
Each set consists of an apron plate followed by No. 1 mercury trap. These are 
cleaned fortnightly, and the material obtained is worked up by a muUer mortar 
and clean up pan into amalgam, which is retorted and the gold sent to market, 
pyrites to chlorination works and mercury to be used over. The pulp from the 
mercury traps flows to four 4-foot Frue vanners, which yield hea-ds to chlorina- 
tion works, and tailing to waste. Two 6-foot Woodbury vanners, each with 7 
belts, have since been installed. 

Power is derived from Pelton water wheels. One hundred tons of ore yield 
3J tons of concentrates and 97-J tons of tailings. The concentrates contain about 
5 ounces gold per ton and the tailings 0.075 to 0.10 ounce per ton. The loss of 
mercury is 0.55 ounce per ton of ore. 

§ 733. Mill No. 61. Taylor Mine of the Idlewild Gold Mining Com- 
pany, Greenwood, California, — Capacity 115 to 138 tons per 34 hours. The 
mill runs 34 hours per day, 7 days per week. The ore consists of the economic 
minerals native gold and auriferous pvrites, and a gangue of quartz in thin 
stringers with black slate. The vein lies between greenstone and slate. The 
problem is to save the gold. The ore is brought from the mine in skips holding 
3,000 pounds and dumped upon (1). 

1. A grizzly with -^-inch spaces on the flrst half and If -inch spaces on the last 
half. Oversize to (3) ; undersize to (3). 

3. One No. 1 breaker, a Gates No. 3, crushing to 1 inch. To (3). 

3. From (1) and (3). A rubber belt conveyor mounted on a frame which 
can bo moved so as to deliver the ore to any part of (4). 

4. A bin with flat bottom, holding 500 tons. By gates and chutes and eight 
Hendy feeders to' (5). 

5. Forty gravity stamps arranged in eight batteries, using screens with 
0.81-mm. round holes and having mercury fed to the mortar. Pulp to (6) ; 
at monthly clean up, battery residue to (8). 

6. Eight sets of amalgamated plates, each arranged in the following sequence: 
Plate on splash board, apron plate, sluice plate. Pulp to (7) ; at daily clean up, 
amalgam to retort yielding gold, which is melted and sent to market, and mercury 
to be used again. The slag from the melting is run through the stamp mill for 
any gold it contains. 

7. Four 7-belt Woodbury vanners and four 13-belt Woodbury vanners. Heads 
are stored for further treatment ; tailings to waste. 

8. From (5). The battery residue is ground in a clean up barrel for 13 hours 
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and then runs over a gently sloping inclined plane, 30 inches wide, and over a 
riffled sluice box 10 feet long into a tank. Most of the amalgam is caught on the 
upper plane and the riffles catch nearly all the remainder. The stuff which 
settles in the tank is run over one of the sluice plates (6) to catch the last of 
the value. The amalgam is retorted. 

The labor required is 6 men per 24 hours, divided into two shifts : One foreman 
and day amalgamator, 1 breaker man, 1 night amalgamator, 2 vanner men, 1 
roustabout. Wages vary from $2.00 or $2.50 per day for laborers to $3.00 or 
$3.50 for mechanics. Board costs $0.75 per day. 

Power is derived from water wheels. One Dodd disc wheel 36 inches diame- 
ter, with -l-inch round nozzle, making 750 revolutions per minute, rated at 30 
horse power, and using 19 miner^s inches of water under a head of 390 feet, drives 
the Gates breaker. One Pelton wheel, 45 inches diameter, with 1.76-inch round 
nozzle, making 370 revolutions per minute, rated at 60 horse power and using 
70 miner^s inches under the same head, drives the rest of the mill. 

The water required for power is 89 miner’s inches, or about 1,000 gallons per 
minute; for the stamps 144 gallons; and for the vanners 166 gallons; total, about 
1,310 gallons. 

The ore assays 0.20 to 0.27 ounce gold per ton and contains 85% quartz, 13% 
slate and If to 2% iron pyrite; the concentrates assay 0.80 to 0.90 ounce gold 
per ton ; the tailings 0.02 to 0.04 ounce ; average 0.027 ounce. One hundred tons 
of ore yield If tons of concentrates and 98f tons of tailings. The mill saves about 
85% of the gold by amalgamation and 5% by concentration and loses about 
10% in the tailing. Fifty per cent of the bullion comes from the amalgamated 
plates. The gold is 808 fine. The loss of mercury is 0.08 ounce per ton of ore. 
The mill makes 50 to 60 tons of concentrates per month. 

§ 734. Mill 62. Geand Victoey Mnra^ra Company, Plaoeeville, Cali- 
FOENXA. — Capacity 100 to 150 tons per 24 hours. The mill runs 24 hours per 
day, 7 days per week. The ore consists of the economic minerals native gold and 
aurifcTous ])y rites and a gangue of quartz stringers in a hard black trap-like 
rock. The problem is to save the gold. The ore is hauled out through the mine 
tunnel in cars holding 2,000 pounds each and dumped upon (1). 

1. Four grizzlies arranged in two pairs, each pair placed like a gable roof, 
with 2|-inch spaces on three of them and IJ-inch on the fourth. Oversize to (2) ; 
undersize to (3). 

2. Three No. 1 Blake breakers, 8 X 12 inches, crushing to 1^ inches. To (3). 

3. From (1) and (2). A bin with bottom sloping 45® and having a capacity of 
270 tons. By ten chutes and ten Hendy feedeis to (4). 

4. Fifty gravity stamps, arranged in ten batteries, using screens with 0.62 
and 0.75-mm. round holes and having mercury fed to the mortar. Pulp to (5) ; 
at monthly clean up, battery residue to (7). 

5. Ten sets of amalgamated plates and mercury traps, each arranged in the 
following sequence; Plate on splash board, plate on mortar lip, plate on dis- 
tributor, No. 1 mercury trap, plate on back deflector, apron plate, No. 2 mereury 
trap. Pulp to (6) ; at fortnightly clean up, amalgam to retort yielding gold and 
mercury. 

6. Ten 4-foot Frue vanners and four 5-foot Triumph vanners, all with No. 

3 mercury traps on their distributors. Heads to chlorination works; tailings to 
waste ; amalgam from traps is retorted. 

7. From (4). The battery residue is ground in a clean up barrel and the 
amalgam separated out by a revolving pan and retorted ; the residue is probably 
returned to (4). 

The labor required is five men per 24 hours. Wages vary from $2.50 to $3.00 
per day. Board costs $4.50 per week and wood $3.00 per cord. 
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Power is derived from ^^Hurdy-Gurdy” water wheels which are of the Pelton . 
type. One wheel, 3 feet diameter, with If-inch nozzle, making 150 revolutions 
per minute, running under a head of 105 feet, drives the vanners. One wheel, 8 
feet diameter, with SJ-inch nozzle (should be 3J-inch), making 100 revolutions 
per minute and running under the same head, drives the breakers, the stamps 
and the dynamos for lighting the mill and the mine. 

Water is supplied by a ditch. The amount used for power is 480 miner’s 
inches (about 5,385 gallons per minute) and 20 inches for the stamps ana van- 
ners (about 224 gallons per minute). The stamps use about 100 gallons per 
minute. 

The ore contains 0.10 to 0.40 ounce gold per ton and the tailings contain from 
0.02 to 0.045 ounce per ton, average about 0.03 ounce. One hundred tons of ore 
yield 1 or 2 tons of concentrates (average IJ tons) and 98 or 99 tons of tailings. 
Of the gold caught by amalgamation, 17^ comes from the mortar and 839& 
from the outside plates. The mill saves 80 to 90% of the gold in the ore. 

§ 735. Mill No. 63. Bay State Miking Company, Cosumnes River, Cali- 
EORNiA. — Capacity 20 tons per day. The mill runs 24 hours per day, 7 days per 
■week. The ore consists of the economic minerals native gold and auriferous 
pyrites, and a gangue of quartz stringers in slate. The problem is to save the 
gold. The ore is hoisted by a skip to the grizzly. The oversize passes through a 
Blake breaker, 9 X 12 inches, crushing to 1-J inches, and joins the undersize into 
the bin. Two Hendy feeders feed the ore from the bin to ten gravity stamps 
arranged in two batteries, using 25-mesh wire screens, and having mercury fed 
to the mortar. The mortar is cleaned out monthly, yielding coarse ore to be 
returned, scrap iron to waste and amalgam to retort. The pulp issuing from the 
screens passes over two sets of amalgamated plates and mercury traps, each con- 
sisting of a plate on the mortar lip, No. 1 mercury trap and an apron plate. 
The amalgam is removed periodically and retorted; the pulp goes to four 4-foot 
Prue vanners yielding heads to chlorination works and tailings to waste. 

Power is furnished by a Pelton wheel. 

The ore contains about 0.25 ounce gold per ton ; the concentrates contain 5 
ounces gold and 9 ounces silver per ton; the tailings contain about 0.03 ounce 
gold per ton. One hundred tons of ore yield about tons of concentrates and 
984 tons of tailings. The mill saves about 60% of the gold by amalgamation and 
30% in the concentrates, and loses about 10% in the tailings. Ten thousand 
pounds of concentrates are produced per month. 

§ 736. Mill 64. Wildman Gold Mining Company, Suttee Creek, Cah- 
EORNIA.— Capacity 93 tons per day. The mill runs 24 hours per day, 7 days per 
week. The ore consists of the economic minerals native gold and auriferous 
pyrite, and a gangue of solid quartz, or quartz stringers in slate. The problem 
is to save the gold. The ore is hoisted from the mine in a bucket and dumped 

A frizzly with If-inch spaces. Oversize to (2) ; undersize to (3). 

2. One No! 1 Blake breaker, 9 X 12 inches, crushing to 1 inch. To (3). 

3. From (1) and (2). No. 1 bin holding 100 tons. By 3 chutes to car holding 
1 \ tons, which is wheeled u hydraulic platform elevator and lifted and dumped 

^^i.^No. 2 or mill bins, holding 450 tons, with bottom sloping 45°. By six rack 
and pinion gates and chutes and six Hendy feeders to (5). . ^ 

5 Thirty gravity stamps, arranged in six batteries using screens with 0.69 x 
9 5-mm. slots and having mercury fed into the mortar. Pulp to (6) ; every month 
the mortar is cleaned out and the contents worked up for the amalgam which 

is retorted. ^ ^ i 

6. Six sets of amalgamated plates and mercury traps, each arranged in the 
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following sequence: Plate on mortar lip, apron plate, No. 1 mercury trap. No. 
1 sluice plates. No. 2 mercury trap, No. 2 sluice plates, No. 3 sluice plate. No. 3 
.mercury trap. Pulp to (7) ; amalgam removed every 24 hours and retorted. 

7. Eight 4-foot Erue vanners and four 4-foot Triumph vanners. Heads to 
chlorination plant; tailings to waste. 

The labor required is 4| men per 24 hours. Wages vary from $2.50 per diy to 
$100 per month. 

! I Power is furnished by a Dodd water wheel, 72 inches diameter, with a lyV 
inch nozzle, rated at 50 horse power, making 250 revolutions per minute and 
using 46 miner^s inches of water under a head of 480 feet. 

r Water is supplied by a ditch and the amounts are 470 gallons per minute for 
power and 105 gallons for the stamps and vanners. 

■ The ore contains 0.15 to 0.25 ounce gold per ton; the concentrates 3.5 to 4.0 
ounces; the tailings a trace to 0.01 ounce, average 0.006 ounce. One hundred 
tons of ore yield 1^ tons of concentrates and 98J tons of tailings. The mill saves 
about 70% of the gold by amalgamation and 25% by concentration and loses 
about 3 or 4% in the tailings. 

Since the author^s visit, this mill has been enlarged to 40 stamps with a 
capacity of 145 tons per 24 hours. There are now 14 Frue vanners and 2 Triumph 
vanners, and 100 tons of ore yield 1.7 tons of concentrates. 

§ 737. Mill No. 65. Madison Mill op the Utica Company, Angels Camp, 
Calaveras County, Calipoenia. — Capacity 135 tons per 24 hours. The mill 
runs 24 hours per day, 7 days per week. The ore consists of the economic minerals 
native gold and auriferous pyrite, and a gangue of soft slate containing stringers 
of quartz. The problem is to save the gold. The ore is hoisted by a skip and 
dumped upon (1). 

1. A grizzly with 2-inch spaces. Oversize to (2) ; undersize to (3). 

2. One No. 1 Blake breaker, 10 X 16 inches, crushing to 2 inches. To (3). 

3. Prom (1) and (2). No. 1 bin 24 feet long, 10 feet wide and 15 feet deep 
in front, with bottom sloping 45°. By six rack and pinion gates and chutes to 
car which delivers ore to various parts of (4). 

4. No. 2 or mill bin 12 feet wide, 60 feet long and 10 feet deep. By eight 
rack and pinion gates and chutes and eight Hendy feeders to (5). 

5. Forty gravity stamps arranged in eight batteries, using screens witli 
0.76-mm. round holes and having mercury fed to the mortar. Pulp to (6) ; at 
the fortnightly clean up, amalgam to (9), and the residue to (8). 

6. Eight sets of amalgamated plates and mercury traps arranged in tlie fol- 
lowing sequence: apron plate, distributoi, back deflecting plates, two parallel 
sluice plates. No. 1 mercury trap. Pulp to (7) ; at clean up, amalgam to (9), 
and heavy sand to (8). 

7. Twelve four-foot Frue vanners and four Union vanners. Heads to chlori- 
nation works ; tailings to waste. 

8. From (5), (6) and (9). A clean up barrel followed by a cateh hopper, 
amalgamated plates and settling tanks like Mill 73. Amalgam and coarse stuff to 
(9) ; coarse pulp run over plates to settling tank to be returfied to barrel; line 
pulp run over plates to settling tank to go to chlorination works. 

9. From (5), (6) and (8). Clean up room like that of Mill 73. Amalgam is 
retorted and the gold melted and shipped, and the mercury used over again in the 
mill ; scrap iron to waste ; coarse ore returned to (5) ; coar<^e pulp to ( 8 ). 

Power is furnished by a Leffel double turbine water wheel taking water which 
has been used in Mills 73 and 74, which are f mile up the river, one being 100 
feet above Mill 65 and the other 38 feet. 

The adjustments in this mill have been changed since it was visited by the 
author so that its capacity is now about 200 tons per 24 hours. 
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§ 738. Mill No. 66. Homestake Mining Company, Lead City, South 
Dakota. — Capacity 400 tons per 24 hours. The mill runs 24 hours per day, 7 
days per week. The ore consists of the economic minerals native gold and aurif- 
erous pyrite and arsenopyrite, and a gangue of quartz finely distributed in large 
bodies of mica schist. The problem is to save the goldi The ore from the mine 
is dumped into (1). 

Rock House, 

1. No. 1 bin. By gates and chutes to (2). 

2. Three No. 1 breakers, Gates No. 6, only two used at a time, crushing to 

inches. To (3). 

3. No. 2 bins. By cars to (4). 

Stamp Mill, 

4. No. 3 or mill bin 44 J feet wide, 14^ feet deep with inverted V-shaped 
bottom. By twenty gates and chutes (ten on each side) and twenty Hendy feed- 
ers to (5). 

5. One hundred gravity stamps arranged in two rows with ten batteries in each 
row, using screens with 0.61-mm. holes and having mercury fed to the mortar. 
Pulp to (6) ; at fortnightly clean up, amalgam to (9), coarse lumps returned to 
mortar, heavy sand and amalgam to (8) ; wooden chips are removed from the 
mortar periodically, burned and the ashes go to (9). 

6. Twenty sets of amalgamated plates and mercury traps, ten sets on each side 
of the mill, each set arranged as follows: apron plate, copper lined trough. No. 1 
mercury trap lined with copper, sluice plate. No. 2 mercury trap. Pulp to (7) ; 
amalgam removed daily from plates is cleaned in a Wedgewood mortar, squeezed 
and retorted, the heavy sand being sent back to the stamps and the mercury used 
over in the mill ; traps cleaned out monthly to (9). 

7. Six Gilpin County concentrators. Heads to chlorination works ; tailings to 
waste. Jigs have been tried in place of the concentrators. 

8. From (5). A rocker. Coarse lumps are washed in a coarse screen and yield 
washings to (9) and residue back to (5) ; amalgam and heavy sand to (9) ; 
light sand to (5) ; old iron has amalgam scraped off to (9) and then is thrown to 
scrap heap to rust and the rust is cleaned up yearly to (9). 

9. From (5), (6) and (8). A clean up pan, run at time of clean up, having 
600 to 700 pounds of quicksilver added to the charge. Time of working is three 
hours. Fine stuff to waste ; coarse sand and liquid amalgam to (10) . 

10. Settling box. Liquid amalgam is strained, squeezed and retorted, yielding 
gold to be melted and mercury to be used over again; heavy sand returned to 
(5) ; fine overflow to waste. 

This company di\idcs its labor so that 19| men per 24 hours are charged 
against the mill. These are divided into two shifts : ^ foreman, 1 millwright, -J 

pipe fitter. 2 engineers, 2 firemen, ^ night foreman, 1 head amalgamator, 4 

amalgamators, 2 breaker men, 2 oilers, 2 feeders and 2 laborers. Wages vary 
from $2 to $8 per man per day. Wood cost‘5 $6 per cord. 

Power is supplied by a steam engine with cylinder 20 X 42 inches, having a 
Mever cut off valve and rated at 155 hor^^e power; and two horizontal fire tube 
boilers, 54 inches diameter, 16 feet long, with 46 tubes inches diameter, run- 
ning under a steam pressure of 90 pounds per square inch and burning 11 cords 
of wood per 24 hours. 

Water is supplied by a ditch company and costs from $0.50 to $0.57 per stamp 
per 24 hours. In the winter it has to be supplemented by water pumped from the 
mine. The amount required is IJ miner’s inches for five stamps (about 16.7 

gallons per minute) or about 84 gallons per minute for 100 stamps. 
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The ore assays from 0.35 to 0.50 ounce gold per ton, the concentrates about 1.25 
ounces per ton and the tailings 0.075 ounce per ton. One hundred tons of ore 
yield not over 3 tons of concentrates and about 97 tons of tailings. They save 
about 65*% of the gold by amalgamation and about 10% by concentration, and 
they lose about 25% in the tailings. It is claimed that 85% of the free gold is 
saved. The average yield of the ore by amalgamation for one year was 0.185 
ounce ($3.70) gold per ton. The loss of mercury is 0.07 ounce per ton of ore. 

This mill has now been increased to 200 stanips. After each mortar there are 
four apron plates in series, each 12 feet long, 54 inches wide and J inch thick. 
The first is plain copper while the other three are silver plated with two ounces 
of silver per square foot. This new scheme efiected in 1902 an additional saving 
of approximately $250,000 over that which would have been obtained from the 
old arrangement. The tailings slime from the plates is at present thrown away 
while the tailings sand is cyanided and lime is used to assist the settling previous 
to cyaniding. Addition of this lime to the mortar, as is done in South Africa, 
caused trouble by coating the plates, and so it is not added until after the pulp 
has passed over the plates. 

§ 739. Mill No. 67. West Waverlt Gold Mining Company, Limited, 
Waveely, Nova Scotia. — Fig. 424 shows the Oldham mill which is much like 
this mill. — Capacity 50 to 65 tons per 24 hours. The mill runs 24 hours per 
day, 6 days per week. The ore consists of the economic minerals native gold and 
arsenopyrite with small amounts of galena, pyrite, chalcopyrite, and sphalerite, 
and a gangue of hard quartz. The veins are in magnesian slate and a very hard 
quartzite called whin rock. The problem is to save the gold. The ore is hoisted 
from two shafts and dumped over grizzlies into cars holding 1,000 pounds. Cars 
of waste rock are trammed to the dump, the ore is trammed to (1), the oversize 
and undersize being kept separate. 

1. Five No. 1 bins in one block with bottoms sloping 45® and having a total 
capacity of 225 tons. By gates and chutes to car holding 1,000 pounds which is 
trammed 200 feet to the mill, coarse material going to (2) and fine to (3). 

2. One Forster breaker, 12 X 24 inches, crushing to inches. By jerking 
distributing chutes to (3). 

3. From (1) and (2). Three No. 2 or mill bins, with bottoms sloping 43®, 
one holding 25 tons for two batteries and two holding 10 tons each for the other 
two batteries. By four gates and chutes and four Hammond corrugated cylin- 
der feeders to (4). 

4. Twenty gravity stamps, arranged in four batteries, using screens with 
0.64 X 12.7-mm. slots and having mercury fed to the mortar. Pulp to (5) ; at 
clean up, amalgam and mortar residue to (8). 

5. Four sets of amalgamated plates and mercury traps arranged as follows: a 
splash plate, a back deflecting quadrant plate, an apron plate, No. 1 mercury trap, 
No. 2 mercury trap. Pulp to (6) or (7) ; at clean up, amalgam and heavy sands 
to (8). 

6. A Golden Gate concentrator. Heads to concentrates pile ; tailings to (7). 

7. From (5) or (6). No. 3 mercury trap. Pulp to waste; every six months 
amalgam and heavy sand cleaned out to (8). 

8. From (4), (5) and (7). Clean up room containing iron panning tubs, 
sink, muller mortar, gold hand pans, sieves and squeezing (doths. The material 
is worked up and yields coarse sand returned to (4) ; scrap iron to waste, con- 
centrates to pile, hard amalgam to be retorted and melted, and mercury to be used 
over in the mill. 

The labor required: is 7 men per 24 hours divided into two shifts: 1 foreman, 2 
engineers, 1 breaker man, 2 amalgamators, 1 helper. Wages vary from $1.20 to 
$2.50 per man per day. Board costs $3.50 to $4 per week, coal $3.42 per ton 
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Power is supplied by a tandem compound engine with cylinders 8 X 12 inches 
and 12 X 12 inches, having a Meyer adjustable cut off valve on the high pressure 
cylinder cutting off at ^ stroke when full mill is running, and a simple valve on 
the low pressure cylinder cutting off at J stroke. Running under a steam pressur ' 
of 100 pounds per square inch and with a Bulkley condenser 34^ feet high with 
3-inch column, it indicates 42 horse power: 26 for stamps, 12 for breaker and 
jerking chutes, and 4 for friction of shafting. 

Water runs into the mill from a brook. In case of necessity it can be re- 
pumped from the pond into which the tailings flow, by a ^NTorthey duplex pump 
with steam cylinder 5 X 12 inches and water cylinder 8 X 12 inches delivering 
130 gallons per minute. The water used for the stamps is from 50 to 65 gallons 
per minute. The water for the boilers has to be settled and Pearline is put into 
the boilers monthly to soften the scale. The total water used in the mill in- 
cluding the boilers and everything is 150 gallons per minute. 

The ore assays 0.25 to 1.25 ounces gold per ton; the concentrates 0.25 to 0.65 
ounce; the tailings 0.011 to 0.040 ounce, average 0.025 ounce. One hundred tons 
of ore yield 2 tons of concentrates and 98 tons of tailings; 10% of the 
gold comes from the outside plates and 90% from the mortar and inside plate. 
The mill saves about 95% by amalgamation and about 2% by concentration, and 
the balance is lost in the tailings. The loss of mercury is from 0.4 to 0.6 ounce 
per ton of ore. 

A special feature of this mill is that the No. 1 bins (1) give an opportunity to 
store separately the ore from the different workings of the mine while in progress 
as shafts, levels, winzes or slopes. When a bin has accumulated sufficient ore for 
a run one or more batteries are set to work upon it. At the end of the run, usually 
13 days, comes the clean up and the yield in the mill is credited to the particular 
working from which the ore came. In this way the mill becomes the assay office 
of the mine and the superintendent is able to calculate thereby the profit or loss in 
each part of the mine. Another feature is the small amount of gold in the con- 
centrates from this ore. They are too poor to pay for treatment and consequently 
the concentrator (6) is rarely used, but the pulp passes straight from No. 2 mer- 
cury trap (5) to No. 3 trap (7). A Gilpin County concentrator was also tried 
with very poor results. 

§ 740. Mill No. 68. Montana Mining Company, Limited, Marysville, 
Montana. Gold Mill. — The ore of the Drumlummon mine consists of the eco- 
nomic minerals native gold, tetrahedrite, pyrite, chalcopyrite, blende, galena, 
arsenical ])olybasito and argentite, and a gangue of quartz, slate, granite, and 
calcite wdth manganese oxides in small amounts. The problem is to save the gold 
and silver. The ores are classed in the mine into two kinds: (a) ores rich in 
silver containing 10 to 15 ounces silver and 0.25 to 0.50 ounce gold per ton: and 
(h) ores low in silver containing 2 to 4 ounces silver and 0.20 to 0.40 ounce gold 
per ton. The rich silver ores go to Mill 82 while the poor silver ores go to Mill 
68 . 

Mill 68 has a capacity of 10,5 tons per 24 hours. The mill runs 24 hours 
per day, 7 davs per week. The scheme of treatment is tlie same as in tlie gravity 
stamj) mills previously described. The ore is brought bv cars, holding one ton 
each, to a No. 1 or receiving bin with bottom sloping 45° and holding from 2,000 
to 3,000 tons. The No. 1 bin delivers bv six pite^ and chutes to six grizzlier 
with 14-inch spaces. The oversize is broken in three Blake breakers. 9X15 
inches, crushing to 14 inches, and, wdth the undersize, goes to No. 2 or stamp bin 
which has a bottom sloping 45° and holds 300 tons. The ore now goes by twelve 
chutes through twelve Hendy feeders to sixty gravity stamps arranged in twelve 
batteries, using screens with 0.52-mm. square holes and having no mercury fed to 
the mortar. The pulp from each battery of stamps passes over a plate on the 
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mortar lip^ oYer an apron plate, and through a copper lined launder to two 4-foot 
Frue vanners which have amalgamated plates on their distributors. This makes 
24 vanners in the whole mill. The heads of the vanners are shipped to smelter and 
the tailings go to waste. As no mercury is fed to the mortar it is cleaned out only 
when the dies are worn out and it yields coarse ore and sand returned, scrap iron 
to waste, and concentrates to smelter. The amalgam is removed from the lip and 
aprjon plates every 24 hours, from the plates on the vanners every 7 days and from 
the copper lined launder once a month. Amalgam from the plates is clean enough 
to squeeze and retort direct while that from the launder is ground in a clean up 
pan and yields amalgam to retort and sand which, if rich, is shipped as con- 
centrates or, if poor, is sent back to the stamps. The slag from melting bullion is 
crushed so that any shots of precious metal may be picked out and the residue is 
allowed to accumulate up to about 1,000 pounds when it is shipped to the 
smelter. 

The labor required is 15 men per 24 hours: 1 foreman, 2 engineers, 2 firemen, 
3 breaker men, 3 battery men, 2 vanner men and 2 plate men. The breaker men 
and battery men work 8-hour shifts while all the rest work 12 hours. Wages vary 
from $3 per day for laborers to $4 or $4.50 per day for mechanics. Board costs 
$1 per day. Wood is $3.80 per cord. 

Power is furnished by a Corliss engine indicating 130 horse power. The 
boilers burn 4J cords of wood per day. 

The water required is 148 gallons per minute divided as follows : 4 gallons for 
the boilers, 120 gallons for the stamps and 24 gallons for the vanners. 

The ore assays 2 to 4 ounces silver and 0.20 to 0.40 ounce gold per ton ; the 
concentrates contain 120 ounces silver and 3.5 ounces gold per ton ; the tailings 
contain 0.4 to 1.1 ounces silver and 0.05 ounce gold per ton; for some assays of 
special samples, see Table 318 ; another special set of assays showed pulp from the 
mortar to have 1.4 oyinces silver and 0.4 ounce gold per ton, pulp fed to vanners 
to have 1.0 ounce silver and 0.2 ounce gold, and the vanner tailings to have 1 
ounce silver and 0.04 ounce gold. One hundred tons of ore yield f to 1 ton of 
concentrates and about 99 tons of tailings. The mill saves about 40% of the 
silver and 70% of the gold by amalgamation, 40% of the silver and 15% of the 
gold by concentration and loses 20% of the silver and 15% of the gold in the tail- 
ings. The mill ships from 1,300 to 1,400 ounces of bullion per month. The loss 
of mercury is 0.1 ounce per ton of ore. 

Since the author^s visit a cyanide plant with a capacity of 400 or 500 tons per 
day has been installed to treat the tailings from Mills 68 and 82.28^ The tailings 
are impounded by five dams in the gulch and are transported to the plant partly 
by sluicing and partly by a narrow gauge railway. The tailings yield something 
over $2 per ton and the cost of treatment is a little over $1 per ton. 

§ 741. Mill hTo. 69. American Developing and Mining Company, Gih- 
BONSVILLE, Idaho. — Capacity 97 to 112 tons per 24 hours. The ore consists of 
the economic minerals auriferous pyrites and a little argentiferous chalcopyrite 
and a gangue of slate and quartz with some calcite and a little hematite. Th(' 
problem is to save the gold. The ore goes to No. 1 or receiving bins and (hence to 
a grizzly with 1^-inch spaces. The oversize is broken by a Blake breaker, 9X15 
inches, crushing to 2-J inches, and with the undersize goes to the No. 2 or battery 
bins which have a capacity of 200 tons, or 300 if filled by shovel. Six gates and 
chutes deliver the ore from the No. 2 bins through six Hendv feeders to 30 
gravity stamps arranged in six batteries. The stamps weigh 950 pounds and 
drop 6 inches 100 times per minute. The mortar is narrow, has single dis- 
charge and has an inside amalgamated plate on the chuck block. The height of 
discharge is about 9 inches. Fargo guides, Blanton cams and shoes of chrome 
or Midvale steel are used. The screens are of burned' tin plate, have 0.66-mm. 
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round holes and last about two weeks. The pulp from the stamps passes over 
six amalgamated silver plated copper plates in parallel, each 16 feet long and 
sloping IJ inches per foot. Each plate has a mercury trap at its lower end and 
then a distributor to divide the pulp to the Frue vanners of which there are fifteen 
in the whole mill. The vanners have smooth belts six feet wide and use amal- 
gamated plates on their distributors. The heads of the vanners are chlorinated 
and the tailings go to waste. The mortar and the amalgamated! plates are cleaned 
periodically for the recovery of amalgam which is retorted. 

The labor charged against the mill is 8-^ men per 24 hours: 1 breaker man, 2 
amalgamators, 2 vanner men, 1 wheeler, etc., oiler, etc., ^ machinist, i car- 
penter, ^ night watchman, -I- foreman, ^ assayer. The amalgamators and vanner 
men are divided into two shifts. Wages vary from $3 to $5 per man per day. 

Power for running the mill and for electric lighting is obtained from Pelton 
water wheels, supplemented by steam during six months of winter. 

The ore assays 0.45 to 0.55 ounce gold per ton; the concentrates assay 1.T5 
to 2.75 ounces gold per ton and have 0.5 to 1.0% copper; the tailings assay 0.01 
ounce per ton (average of 3 months was $0.23 per ton). One hundred tons of 
ore yield 8 or 9 tons of concentrates and 91 or 92 tons of tailings. The mill 
saves 53% by amalgamation and 45% by concentration and loses 2% in the 
tailings. The bullion is 840 to 860 fine in gold and 125 to 140 fine in silver. 

N'otice^ that this mill has fifteen vanners for thirty stamps whereas the usual 
practice in the California mills previously described would call for only twelve. 
The reason for this is the high amount of concentrates (7 to 10%) in this ore as 
compared with the low amount (2 or 3%) found in California ores. 

A canvas plant, similar to Mill 78, was installed to treat the tailings of this 
mill but it was a financial failure, not because it did not save fine concentrates, 
but because the fine concentrates when saved contained only 0.5 to 0.6 ounce gold 
per ton which would not pay for chlorinating. It seems to be a peculiarity of 
this ore that the fine concentrates are much poorer than the coarse, which is just 
contrary to the author’s experience with California gold ores which have the 
fine concentrates as rich or richer than the coarse. One theory regarding Mill 
69 is that the gold, although contained in the pyrites and not visible to the eye, 
is nevertheless practically all free milling and hence the smaller the particle 
of pyrite the better the mercury has been able to act on it and the more it has been 
robbedi of its gold. 

§ 742. Mill No. 70. Newton Gold Mill, Idaho Springs, Colorado. — The 
ore from the Newton mine and custom ores which are also treated, consist of the 
economic minerals auriferous pyrites and some native gold and a gangue of 
quartz. The ores are divided into two grades : (a) a grade which has large grains 
of pyrite and more gold and is treated by Mill 85, and (&) a grade with finer 
grains of pyrite disseminated in quartz and less gold, treated in Mill 70. 

Ore is brought in wagons and shoveled to a receiving bin and thence shoveled 
or wheeled to twenty gravity stamps, arranged in four batteries, using screens 
with round holes and having mercury fed to the mortar. The pulp from the 
stamps passes over four amalgamated plates in parallel, four mercury traps an,d 
four double Gilpin County concentrators. The heads of these concentrators are 
shipped to the smelter and the tailings go to waste. The mortars, amalgapiated 
plates and mercury traps are cleaned up periodically obtaining thereby amal- 
gam which is retorted and' sulphurets which are put with the concentrates. 

Power is derived from Leffel water wheels. 

(p) GOLD MILLS USING GRAVITY STAMPS, AMALGAMATED PLATES AND VANNERS, 
AND CANVAS OR BLANKET TABLES. 

§ 743. This group includes Mills 71 to 80 inclusive. Mill 71 is followed by a 
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canvas piant (Mill 78). Mill 72 is followed by a canvas plant (Mill 79). Mills 
73 and 74 were formerly followed by a canvas plant (Mill 80) and that was 
again followed by an arrastra (Mill 81). Mill 80 has recently been changed 
over to be like Mill 78. Mill 75 has recently installed a canvas plant like Mill 
78, Mill 76 uses carpet tables. Mill 77 has blanket tables. Mill 78 catches on 
2.400 square feet of canvas tables about $1,500 per month in the fine slimes of 
auriferous pyrite which are too fine to be caught on the vanners of Mill 71. 

It should here be said that while canvas plants like Mill 78 do such good work 
on tailings of vanners of Mill 71 and Mill 55, both of these mills yield fine con- 
centrates of high assay value. It would be idle to put in the canvas plant after 
such mills as Mills 61, 67, 69 or 77 where the assay value of the fine concentrates 
is not high. 

§ 744. Califort^ia and Colorado Systems of Stamp Milling. — Mill 77 and 
also Mill 88 use the Colorado system of stamping while the other gold stamp mills 
described in this chapter use the California system. The relative advantages of 
these two systems have proved a fruitful topic of discussion. The California sys- 
tem is by far the more extensively used in almost all localities where stamp 
milling is practiced, while the Colorado system is limited almost entirely to Gil- 
pin County, Colorado, with an occasional application elsewhere and its use 
seems to be on the decrease. The average ores treated by the California system 
are free milling ores containing less than 5% sulphides (usually pyrite) with 
considerable of the gold (as coarse gold) in the quartz. The Gilpin County ores 
are free milling but contain a high per cent, of pyrite (between 10 and 20%). 
The gold is commonly in fine particles and more or less included in the pyrite. 

The characteristics of the two systems have been somewhat discussed in § 197 
and § 199. The chief characteristics of the California system are coarser stamp- 
ing accompanied by a higher capacity (two, three, or even four tons per stamp 
per 24 hours) which are due to a lower discharge in the mortar, greater weight 
of stamp, shorter drop, and greater number of drops per minute. There may be 
also a coarser screen and higher percentage of opening although this is not 
always true. All these conditions keep the ore a less time in the mortar and there 
is less sliming, the grains of pyrite are less worn into rounded forms and the fol- 
lowing concentration is madie under more favorable conditions and without so 
much loss. 

The characteristics of the Colorado system are fine stamping and low capacity 
(about one ton per stamp per 24 hours). These result from the use of a higher 
discharge in the mortar, lighter stamp, longer drop and less number of thorn. 
The finer screen and smaller percentage of opening in it are not necessarily used 
although commonly so. This treatment keeps the stuff in the mortar a much 
longer time, which is necessary to free the gold in order that a satisfactory 
amount of it may be amalgamated. It involves, however, more sliming of the 
ore and sliming of the pyrite more than the gangue since it is heavier and not 
discharged so quickly, and consequently the following concentration is not so easy 
and the losses are greater. The average extraction of gold is not materially 
different with the two systems. According to Rickard each system extracts 
about 70% by amalgamation. The horse power required per ton is greater for 
the Colorado owing to the greater amount of work required for finer stamping. 
For this reason and also on account of the lower capacity the co^t per ton is 
higher for the Colorado than for the California. 

Each system has its place and gives the best results commercially on its own 
class of ore. Rickard®® has given this comparison : The Colorado system on Gil- 
pin County ore worth $8 per ton would extract $5.60 a ton at a cost of $0.70. 
while the California system, failing to liberate the gold, would extract only $4 
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per ton at a cost of $0.25. The net result is then $5.60— $0.70 or $4.90 for the 
Colorado, against $4.00 — $0.25 or $3.75 for the California, or a balance of 
$1.15 per ton in favor of the Colorado system. On the other hand on California 
ore worth $6 per ton the California system will extract $4.30 at a cost of $0.35, 
while the Colorado system would extract $4.50 at a cost of $1. The net result 
in this case is $3.95 — $3.50 or $0.40 per ton in favor of the California system. 
It should also be noted that a Colorado mill requires at least twice as much cap- 
ital to bnild as a California mill of the same capacity. The above figures deal only 
with the extraction of gold by amalgamation ; the saving by later concentration is 
not here considered. The question of the application of concentration followed by 
amalgamation on Gilpin County ores will be taken in § 763. 

It should be noted that the California system was used in Gilpin County in -the 
early days and gave very satisfactory results as long as only oxidized surface ores 
were encountered. With greater depths, however, the sulphide ores appeared 
and the extraction fell off. Owing to extremely high freight and smelting 
charges it would not pay to concentrate, and finally the Colorado system of 
stamp milling was evolved as the only profitable method of working. Later on 
when competition among smelters increased the value of the concentrates, con- 
centrating of the tailings became common practice. This shows why the Colo- 
rado system came into existence and it is easy to understand that after having 
once been adopted, conservatism would cause it to continue to be used as long 
as it proved satisfactory, even though there might be other processes that could 
effect a little better saving. To-day it seems that it is being so far modified as 
to increase the number of drops of the stamps and at the same time shorten the 
height; and on ores with a high percentage of sulphides (over 15%), especially 
when the value of concentrates per ton is high, this modified mill will save more 
value per ton than the regular Colorado mill. 

§ 745. Mill No. 71. Kennedy Mining and Milling Company, Jackson, 
Amador County, California. — Capacity 96 tons in 24 hours. The mill runs 
24 hours per day, 7 days per week. The ore consists of the economic minerals 
native gold and auriferous pyrites and a gangue of quartz stringers and slate. 
The vein has a black gouge on each side about a foot thick. The problem is io 
save the gold. The ore is brought in cars and dumped through six holes into a 
receiving bin 60 feet long, 8^ feet wide, and 30 feet deep with a flat bottom. 
The ore is delivered from the bins by eight gates and chutes through eight Hendy 
feeders to forty gravity stamps, arranged in eight batteries, using 30-mesh brass 
wire screens and having mercury fed to the mortar. The pulp from the stamps 
passes over eight sets of amalgamated plates and mercury traps, each set arranged 
as follows: plate on splash board, plate on mortar lip, apron plate, No. 1 mer- 
cury trap, two steps covered with rubber. No. 2 mercury trap, two parallel No. 1 
sluice plates, No. 2 sluice plate, No. 3 mercury trap. From No. 3 mercury traps 
the pulp goes to twenty-four 4-foot Frue vanners having No. 4 mercury traps 
above their distributors. The heads from the vanners go to chlorination works 
and the tailings are sold to Mill 78. The mortars and mercury traps are cleaned 
up once a month by means of scrapers, pans, muller mortar, ball mill and amal- 
gamated plates and the amalgam obtained is retorted while the sulphurets are 
sent to chlorination works. The amalgamated plates are scraped once an hour 
with rubbers and the fine rich sulphurets are separated from the amalgam, 
roasted in a small furnace and smelted with fluxes in a crucible. 

Power is furnished by Pelton water wheels. One wheel 4 feet diameter under 
230 feet head runs the stamps; one wheel 4 feet diameter under 60 feet head 
runs the vanners and also the saw mill containing a cutting off saw, rip saw, 
and a wedge saw. A dial shows the speed of the vanners directly so that the 
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vanner man is able to keep the speed constant by letting on or shutting off the 
water on the water wheel. 

Water is supplied by a ditch company. The stamps alone require 120 gallons 
per minute. 

The concentrates contain from 4 to 5 ounces of gold per ton and the tailings 
from 0.050 to 0.075 ounce. One hundred tons of ore yield about 2.8 tons of 
concentrates and 97.2 tons of tailings. The amount of concentrates varies from 
60 to 90 tons per month. 

Since the author^s visit the capacity of this mill has been increased to about 
4,000 tons per month or about 135 tons per 24 hours. This has been accom- 
plished by substituting a 24-mesh screen in place of the 30-mesh, by increasing 
the height of the drop of the stamps from 6^ to 7J inches and the number of 
drops per stamp from 82 to 95 per minute.^^* 

§ 746. Mill No. 72. Keystone Consolidated Mining Company, Amador 
City, California. — Capacity 120 tons per 24 hours. The mill runs 24 hours 
per day, 7 days per week. The ore consists of the economic minerals native gold 
and auriferous pyrites and a gangue varying from stringers of quartz in slate 
on the foot wall to large bodies of quartz on the hanging wall. The vein has 
a good gouge on the foot wall. The problem is to save the gold. The ore hoisted 
from the mine by a skip is dumped upon a grizzly with 2-inch spaces. The over- 
size is broken by a Blake breaker, 9 X 16 inches, crushing to 1-J inches, and with 
the undersize goes to the ore house holding 3,000 tons. From this a chute deliv- 
ers to ears holding 1,200 pounds which carry the ore to the mill bin which has a 
bottom sloping 45® and has a capacity of 300 tons. The mill bin delivers by nine 
chutes through nine Templeton roller feeders to forty gravity stamps, arranged* in 
eight batteries, and one GrrifBbn roller mill ; the Griffin roller mill corresponds to 
one battery of stamps. The ore is stamped or ground to pass through screens with 
0.56 X 6.35-mm. slots and mercury is fed during the crushing. The crushed 
pulp passes over nine sets of amalgamated plates and mercury traps, each set 
being arranged as follows: plate on mortar lip, a cross collecting launder, a 
2J-inch pipe with a T on its end. No. 1 mercury trap, No. 2 mercury trap, apron 
plate. No. 3 mercury trap, No. 4 mercury trap, No. 5 mercury trap. From the 
No. 5 mercury traps the pulp passes to nine 7-belt Woodbury vanners and one 
13-belt Woodbury vanner, eight of the vanners being fed with stamp stuff and twp 
with Griffin mill stuff. The heads from the vanners are treated on a rocking 
table while the tailings pass in succession through No. 6 mercury trap, No. 7 mer- 
cury trap, and No. 8 mercury trap which are in the main tail launder of the 
mill, and then go to Mill 79. 

The rocking table is a rectangular table 20 inches wide, 12 feet long, and 5 
inches deep, mounted on two transverse curved rockers, 24 inches long, 2J inches 
wide at the ends and 6 inches wide at the middle. The table has a slope down- 
ward of 1° 10' or about ^ inch per foot. The rocking is imparted by a side arm 
and a vertical connecting rod leading up to an eccentric. The sides rise and fall 
1-| inches. The material is fed to the table through a screen at the upper end 
with water and is shoveled over and over toward the upper end. The table 
yields clean heads to the chlorination works and tailings which join the vanner 
tailings going to No. 6 mercury trap. 

The amalgam is removed from the amalgamated plates every 24 hours and 
retorted. The mortars, Griffin mill, and mercury traps are all cleaned up 
monthly, yielding amalgam and sand which are charged to a clean up barred to 
brighten rusty gold and complete its amalgamation. The clean up barrel dis- 
charges gradually to a mechanical batea the fine overflow of which passes in suc- 
cession over two amialgamated plates. No. 9 mercury trap and a settling tank. 
The residue in the batea is cleaned up with hand pans and yields amalgam to be 
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retoited^ scrap iron to waste, coarse material back to the stamps, and rich con- 
centrates to the chlorination works. The amalgam caught on the two amal- 
gamated plates is scraped off and retorted. The stuff from No. 9 mercury trap 
goes back to the clean up barrel. The settlings in the settling tank go to the 
rocking table previously described and the water goes to the tailings launder. 

The labor required is 5 men per 24 hours, divided into two shifts. Wages 
vary from $2.50 per day for laborers to $3 for mechanics. Board costs $24 per 
month and wood is $5,50 per cord. 

Power is derived from a Knight water wheel 6 feet diameter with a J X 10-inch 
adjustable slot for a nozzle, running at 200 revolutions per minute under a head 
of 276 feet, rated at 85 horse power and using 144 miner’s inches of water (about 
1,500 gallons per minute). 

Water is supplied by a ditch company and costs $0.20 per minePs inch per 24 
hours. One inch is counted as equivalent to 0.6 horse power. 

The value of the ore treated is very irregular ; the concentrates from the rock- 
ing table assay 6 ounces gold per ton and amount to 16 tons per month ; the mill 
tailings assay 0.044 ounce gold per ton. One hundred tons of ore yield 0.4 ton 
of concentrates to chlorination works and 99.6 tons of tailings to Mill 79. 

This mill formerly had a Gold King amalgamator in place of one set of amal- 
gamated plates and mercury traps, but it was not a success. 

Eecently a, Pelton wheel was installed to run the vanners independently 
from the stamps and at the same time the speed of the stamps was increased to 
100 drops per minute.^'^^ Experiment has shown that by narrowing the mortar, 
lowering the height of discharge in the mortar, cutting down the water used in 
stamping and using an apron plate 16 feet long, 5 feet wide, and sloping If 
inches per foot, the value of the tailings is considerably decreased and it is 
planned to adopt these changes throughout the mill. The QrifSn mills are idle 
and eight Woodbury tables have been substituted! for the vanners on eight bat- 
teries (see § 494). 

§ 747. Mill No. 73. Utica Mill of the Utica Company, Angels Camp, 
Calaveras County, California, — Capacity 210 tons per 24 hours. The mill 
runs 24 hours per day, 7 days per week. The ore consists of the economic min- 
erals native gold and auriferous pyrites and a gangue of quartz stringers in 
slate. The vein has a good clay gouge on both sides. The problem is to save the 
gold. The ore is hoisted from two shafts in skips three feet square and 5 feet 
10 inches deep and dumped upon two grizzlies with If-inch spaces. The over- 
size is crushed in two Blake breakers, 12 X 16 inches, crushing to IJ inches, and 
with the undersize goes to two No. 1 bins, each holding 50 tons. From these the 
ore is conveyed by cars to No. 2 or mill bin holding about 600 tons and divided bv 
partitions into three compartments. The ore then goes by twelve chutes through 
twelve Hendy feeders to 60 gravity stamps arranged in twelve batteries using 
screens with 0.76-mm. round holes and having mercury fed to the mortar. The 
pulp from the stamps passes over twelve sets of amalgamated plates and mer- 
cury traps each arranged as follows: wooden board on mortar lip, a transverse 
trough 11 inches wide with two spouts, two back deflectors side by side with 
plates on them, two parallel No. 1 sluice plates. No. 1 mercury trap, No. 2 
mercury trap, No. 2 sluice plate. The pulp from the No. 2 sluice plates goes to 
twenty-four 4-foot Fnie vanners with amalgamated plates on their distributors. 
The heads of the vanners go to the chlorination works and tailings by a flume 
I mile to Mill 80. 

Amalgam is removed from the No. 1 plates every 24 hours, from the plates on 
the vanners every week and from the other plates every two weeks. The regular 
clean up of the mortars, traps and plates comes every two weeks, and the material 
is worked up by pans, clean up barrel, amalgamated plates, settling tanks, 
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strainers and retort. The details have been given fully in §§ 184, 228, 533 and 
558 and need not be repeated here. 

The labor required is 7 men per 24 hours besides the superintendent and 
breaker men, divided into two shifts: 2 feeders, 1 day amalgamator, 1 night amal- 
gamator, 2 vanner men and 1 helper. ^ 

Power is furnished by Pelton water wheels running under 420 feet head which 
gives a pressure of 185 pounds per square inch. No. 1 wheel, 6 feet diameter, 
with 2-J-inch nozzle, runs the stamps. No. 2 wheel, with IJ-inch nozzle, runs 
the vanners. There are also two more wheels for running the Blake breakers in 
the two shaft houses. 

Water is brought by a 22-in'eh pipe which has two 18-inch branches, one for 
Mill 73 and one for Mill 74. The water required in the stamp niortars is 100 
gallons per minute and on the vanners 27 gallons per minute making a total of 
127 gallons plus that used for power. 

The ore assays from 0.2 to 1.25 ounces gold per ton and the tailings assay 
from 0.02 to 0.075 ounce gold per ton. One hundred tons of ore yield about 2J 
tons of concentrates and 97-J tons of tailings. The mill saves 90 to 95% of the 
gold. The loss of mercury is 0.076 ounce per ton of ore. 

By changing the adjustments in this mill the superintendent has been able to 
increase the capacity to 300 tons per 24 hours. The Pelton wheels have been re- 
placed by motors using electricity generated from water power at a central power 
plant.^^^ 

§748. Mill No, 74. Stickles Mill oe the Utica Company, Angels 
Camp, Calaveras County, California. — This mill is owned by the same 
company as owns Mill 73 and works on similar ore and the description of Mill 7 ! 
applies to this mill with the following exceptions: (1) There is but one shaft 
and hence but one grizzly, Blake breaker and No. 1 bin. (2) There is a curved 
amalgamated plate between the screen and the mortar lip. (3) There are no No. 
2 sluice plates or No. 2 mercury traps. (4) There are 16 Tulloeh vanners and 
8 Frue vanners instead of 24 Frues. 

§ 749. Mill No. 75. Zeile Mining Company, Jackson, Amador County, 
California. — Capacity 150 tons in 24 hours. The mill runs 24 hours per day, 
7 days per week. The ore consists of the economic minerals native gold and 
auriferous pyrites and a gangue of quartz interstratified with slate and talcosc 
slate. The problem is to save the gold. The ore is hoisted from the mine in a 
skip holding two tons and dumped upon a grizzly. The oversize is crushed in a 
Blake breaker, 9 X 15 inches, and with the undersize drops into a chute front 
whence it is hauled by a little mule in a 2-ton <jar to the mill 500 feet distant. 
The ear, which opens at the bottom, is emptied into the mill bin which is 16 f(‘c‘t 
wide, 20 feet deep in front, and 60 feet long with a 45° bottom and holds 500 
tons.^ The ore now goes by eight chutes through eight Hendy feeders to fortv 
gravity stamps, arranged in eight batteries, using screens with 1.13-rnm. square 
holes, and having mercury fed to the mortar. The pulp from the stamps llow^ 
over eight sets of amalgamated plates and mercury traps, each set being arranged 
as follows: apron plate, sluice plate, No. 1 mercury trap. From the traps it 
goes to sixteen 4-foot Frue vanners. The heads of the vanners are sent to 
chlorination works and the tailings go to a canvas plant. The mortars, plates, 
and traps are cleaned up monthly and the amalgam and sand obtained are ground 
in a clean up barrel, yielding amalgam to be retorted, and residue to be re- 
turned to the stamps. 

The labor required is four men per 24 hours, divided into two sliifts: 2 bat- 
tery men and 2 vanner men. Wages vary from $2 per day for laborers to $3 for 
vanner men. Board costs $22 per month. 

Power is derived from a Pelton wheel, 6 feet diameter, with two 2^-inch rubber 
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nozzles, running under a head of 150 feet, making 146 revolutions per minute, 
using 187 miner's inches of water (1,944 gallons per minute) and rated- at 65 
horse power. 

The water used on the stamps and vanners is 12 miner’s inches (125 gallons 
per minute). The stamps use about BO gallons per minute and the vanners use 
the balance. 

The ore assays 0.2 to 0.25 ounce gold per ton, the concentrates 5 ounces per ton 
and the tailings 0.062 ounce gold per ton. One hundred tons of ore yield 2^ 
to 2J tons of concentrates and 97^ to 97| tons of tailings. The mill saves about 
25% by amalgamation and 50% by concentration, and loses 25% in the tailings. 
Of the gold lost in the tailings \ is free gold and are in the sulphurets. 

The tailings of this mill, amounting to about 150 tons per 24 hours, with 
the accompanying water are elevated by a centrifugal pump 13^ feet to a canvas 
plant^’’^^ similar to Mill 78, having one hydraulic classifier with two spigots, 42 
canvas tables each 10 X 12 feet, a hydraulic elevator for canv-as table heads, and 
a vanner. Two tables treating the spigot products of the classifier, have a slope 
of 3 inches per foot.* and yield 1-J tons of concentrates per month. Thirty-two 
tables treat the overflow of the classifier and slope IJ inches per foot. There 
are eight auxiliary tables for use when cleaning the regular tables. The vanner 
yields 900 pounds of concentrates from 1,000 pounds of stuff fed. This mill has 
recently discontinued the use of the vanner and washes off more gangue on the 
canvas tables. This gives more concentrates but of a lower grade. The economic 
result, however, has not been published. 

§ 750. Mill No. 76. Gentle Annie Mill, Placerville, California. — 
Capacity 15 to 25 tons per 24 hours. The mill runs 24 hours per day, 7 days 
per week. The ore consists of the economic minerals native gold and auriferous 
pyrites and a gangue of quartz stringers in slate. The problem is to save the 
gold. The ore is brought in cars and dumped on a grizzly. The oversize is 
broken by hand sledges and with the undersize goes to the mill bin. This delivers 
the ore by two chutes through two Hendy feeders to ten gravity stamps arranged 
in two batteries, using 30-mesh screens and having mercury fed to the mortar. 
The pulp from the stamps passes over two sets of amalgamated plates and mer- 
cury traps each arranged as follows : plate on splash board, plate on mortar lip, 
back deflector of wood, No. 1 apron plate. No, 1 mercurv trap, hlo. 2 apron plate, 
back deflector of wood. No. 3 apron plate. The pulp next passes over two carpet 
tables to two 6-foot Frue vanners. The heads of the \anners go to chlorination 
works and the tailings are waste. The mill is cleaned up monthly yielding 
amalgam to be retorted, and concentrates to chlorination works. The carpet 
tables are cleaned every six hours and the concentrates obtained are treated in a 
clean up barrel and then go to a catch hopper and over amalgamated plates to a 
tank with a burlap filter in the bottom. The amalgam from the barrel and plates 
is retorted and the concentrates caught in the tank go to chlorination works. 

Power is furnished by a Knight water wheel, 4-} feet diameter, running under 
160 feet head and using 50 miner’s inches of water (about 550 gallons per 
minute) . 

Bverv ton of ore yields from 0.15 to 1 ounce gold, caught bv amalgamation, and 
2 to 2.1% of concentrates which assay from 2 to 4 ounces gold per ton. 

§751. Mill No. 77. Hidden Treasure Mill, Bl\ckhawk, Gilpin 
Gotinty, Colorado. — Capacitv 85 tons in 24 hours. The mill runs 24 hours per 
day, 7 days per week. This is a custom mill treating ores from the California 
mine and other mines. The ore consists of economic gold and silver bearing 
minerals of which pyrite, chalcopyrite and blendb predominate, and tetrahedrite 
arsenopyrite, and galena are present in noteworthy proportions, and a soft gangue 
of quartz and feldspathic material, much decomposed, with small amounts of 
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ealcite and siderite. The problem is to save the gold and silver. The ore is 
brought in bottom dumping railroad cars holding 9 tons each, 5 to 10 ears in a 
train and dumped into (1) or if the ore is brought by 4-horse wagons it is shoveled 
into (1) from the back. 

1. Fifteen bins, each 9 feet long, 7 feet wide, and 10 feet d’eep and holding 
40 tons. By shovel to (2), the coarse lumps being broken by hand sledges. 

2. Seventy-five gravity stamps arranged in fifteen batteries, using screens with 
0.43X9.5-inm. slots and having mercury fed to the mortar. Pulp to (3) ; inside 
plates cleaned every two days and yield amalgam to be retorted; mortar cleaned 
out when dies wear out, but practically no amalgam accumulates in the mortar 
so that stuff is all put back. 

3. Fifteen amalgamated plates. Pulp to (4) ; amalgam removed every 24 
hours, cleaned in a hand mortar and retorted. 

4. Fifteen No. 1 mercury traps. Pulp to (5) ; sand and amalgam cleaned 
out periodically and ground in a Baxtola pan and the amalgam panned out by 
hand and retorted. 

5. Fifteen blanket tables or strakes. Heads rinsed off every two to four 
hours in a tank of water, sacked up and shipped to smelter; tailings to (6). 

6. Fifteen No. 1 Gilpin County concentrators, with amalgamated copper 
plates on their surfaces. Heads to smelter; tailings to (7) ; amalgam removed 
from plates every two months and retorted. 

7. Five No. 2 double Gilpin County concentrators, having an inclined screen, 
with 0.37-mm. square holes, attached to and bumping with each table. Oversize 
of screen is waste; undersize to the table; heads of tables to smelter; tailings 
to waste. 

The labor required is 11 or 12 men per 24 hours, divided into two shifts: 
1 mill man, 1 assistant, 6 feeders, 2 concentrator men, 1 or 2 laborers to fire 
boilers, load concentrates, etc. Wages vary from $2.75 to $5.83 per day, the 
feeders and concentrator men getting $3 per day. Board costs $22 per month, 
wood $4.50 per cord and coal $3.25 per ton. 

Power is furnished by an overshot water wheel 50 feet diameter, 5 feet breast, 
making two revolutions per minute. This is supplemented during the fall and 
winter by two steam engines, one for the stamps and one for the concentrators. 
Steam is supplied from two boilers, 16 feet long, 54 inches diameter, with flues 
3 inches diameter, and running under a steam pressure of 60 pounds per square 
inch. Even when there is practically no water, the wheel is run to keep it from 
drying on one side and getting out of balance. It also acts as a speed reg- 
ulator. 

The ore is very variable, and the following figures apply only to that from 
the California mine. The average value is about $10 or $15 per ton in gold 
and silver; the concentrates contain 0.5 to 0.6 ounce gold per ton and 10 to 12% 
silica. The tailings assay 0.03 to 0.10 ounce gold and 0.50 to 1.50 ounces silver 
per ton. 100 tons of ore yield 10 to 20 tons of concentrates (averag(‘ of a 
year was 13 tons) and 80 to 90 tons of tailings, of which 15 to 20 tons ar(> 
quartz and 60 to 70 tons arc decomposed feldspathie material. 90% of the con- 
centrates come from No. 1 concentrators (6). The loss of mercury is 0.2 ounci‘ 
per ton of ore. 

In a special run of 8,064 pounds of ore, assaying 1.85 ounces gold and 8.75 
ounces silver per ton, they obtained 24|% concentrates, assaying 1.76 ounces 
gold and 10.34 ounces silver per ton, and the balance in tailings assaying about 
0.15 ounce gold and 3.7 ounces silver per ton. The mill saved 71% of the gold 
and 43% of the silver by amalgamation, and 23% of the gold and 31% of the 
silver by concentration, and lost 6% of the gold and 26% of the silver in the 
tailings. 
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Canvas tables have been tried in this mill, but the amount of labor required 
and the low grade of the concentrates made them an economic failure. Since 
the author^s visit to this mill, rock breakers and automatic feeders have been 
put in and ten quick drop stamps have been added, with -plates and Gilpin 
County concentrators, followed by sizing and Frue vanners. 

§ 752. Mill No. 78. Gates Canvas Plant of the Kennedy Mining and 
Milling Company, Jackson, Amador County, California. — Capacity about 
100 tons per day. The mill runs 24: hours per day, 7 days per week. The mill 
treats the tailings of Mill 71, which are brought by a launder and fed to four 
No. 1 hydraulic classifiers, each with one spigot, which yield spigot pro-ducts to 
waste and overflow products distributed by twenty-four launders to twenty-four 
canvas tables in two rows of twelve each (see Fig. 401a). On each side of 
the mill is a launder leading to two spare canvas tables, to which the feed of any 
two tables in the mill can be shunted while they are being hosed off. The above 
twenty-six tables yield tailings which are waste and heads which are hosed off 
every hour and go to No. 1 whole current box classifier. The first two feet of 
this classifier yield a coarser product than the remainder. The settlings are 
shoveled out and wheeled to the vanner, the coarse and fine being treated sep- 
arately, while the overfiow of the classifier goes to three canvas tables in series 
two of which are always running and the third is spare. When the first is being 
hosed the second and third are running; when the second is being hosed the first 
and third are running, and when the third is hosed the first and second are run- 
ning. These three tables yield heads to No. 2 whole current box classifier and 
tailings to waste. The settlings are shoveled from No. 2 box classifier and 
wheeled to the vanner, while the overfiow is waste. There is one vanner in the 
mill which is of the steep slope end shake type, 4 feet wide. It treats the set- 
tlings from Nos. 1, 2 and 3 whole current box classifiers each by itself and yields 
head^s which are settled in a little catch box and go to smelter, and tailings, which, 
together with the overfiow of the catch box, go to three canvas tables arranged 
just like the three tables treating the overflow of No. 1 whole current classifier. 
These three tables yield tailings to waste and heads hosed off to No. 3 whole 
current classifier. The settlings in this classifier go also to the vanner and the 
overflow is waste. 

The labor required is three men per 24 hours, two by day and one by night. 
The vanner is run only in the day time. 

Power for running the vanner is obtained from an overshot water wheel, 
9 feet diameter, 12 inches wide, driven by the tailings of the twenty-six tables. 

Water comes with the tailings from Mill 71, the amount being 12 miner’s 
inches (about 130 gallons per minute). In addition, 3 inches are required in 
the hydraulic classifiers and 1 inch in hosing off the canvas tables. 

The amount and value per ton of various materials in this mill are as 
follows : Feed to mill, 100 tons in 24 hours, worth $1 per ton ; spigots of hydraulic 
classifiers, 70 tons in 24 hours, worth $0.57 per ton; overflows of hydraulic 
classifiers, 30 tons in 24 hours, worth $2 per ton; final tailings of canvas tables, 
29^ tons in 24 hours, worth $0.34 per ton ; feed to vanner, about 2 tons in 24 
hours, worth $30 per ton; vanner heads, 1,000 pounds in 24 hours, worth $100 per 
ton. 

The mill saves about 50% of the gold. 

§ 753. Mill No. 79. Canvas Plant of the Keystone Consolidated Min- 
ing Company, Amador City, California. — Capacity about 119 tons per 24 
hours. The mill runs 24 hours per day. 7 days per week. The material 
treated is the tailings of Mill 72 after they have passed through Nos. 6, 7 and 8 
mercury traps. The stuff is first distributed by a rough form of classifier to 
thirteen parallel riffle boxes, tlie center boxes receiving coarse material and 
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the end boxes fine. The heads caught by the riffles ave cleaned out every 24 
hours and go to the first compartment of No. 1 settling tank^ the tailings of 
the coarse boxes are distributed by a rough form of classifier to sixteen canvas 
tables; the tailings of the fine boxes are distributed by two more rough classi- 
fiers to forty-six canvas tables arranged in two rows of twenty-three each, one 
classifier feeding each row. The tailings of all the canvas tables run to waste ; 
the heads are cleaned off every hour and go to the second compartment of No. 1 
settling tank. This tank has six compartments, and the first compartment 
overfiows to the second, the second to the third and so on ; the settlings in the 
first compartment go to chlorination works, while the settlings in the remaining 
compartments go to a Woodbury end shake vanner, which yields heads to 
chlorination works and tailings to waste. 

The labor required is two men per 24 hours, divided into two shifts. 

The stuff coming to the mill assays 0.044 ounce gold per ton ; the concentrates 
from the riffle boxes assay 5.15 ounces gold per ton and amount to 7 tons per 
month. The heads of the vanner assay 6 ounces gold per ton and amount to 10 tons 
per month. The tailings which go to waste assay 0.02 ounce gold per ton. Based 
on the above figures, the stuff coming to the mill being 119.5 tons in 24 hours, 
the tailings of the riffle boxes (fed to 62 canvas tables) would be 119.3 tons in 
24 hours, and the final mill tailings would be 118.9 tons in 24 hours. This mill 
alone saves about 55% of the gold by concentration and loses about 45% in the 
tailings. Mills 72 and 79 taken together save about 83% of the gold by 
amalgamation and 16% by concentration and lose about 1% in the tailings. 

§ 754. Mill No. 80. TJtica-Stickles Canvas Plant, Angels Camp, Cala- 
veras County, California. — Capacity about 410 tons per day. The mill runs 
24 hours per day, 7 days per week. The material treated is the tailings of 
Mills 73 and 74. It comes in a receiving launder, which divides into three 
launders. Each of the three launders then divides into two, making six in 
all, and three of these supply the nearer side of the mill, while the other three 
bridge over and supply the farther side. Each of these six launders is further 
divided into five radiating launders, termlinating in distributing tanks, thirty 
in all. Each distributing tank has three spigots, and each spigot feeds one 
canvas table, making ninety tables in all. The tables are arranged in two banks 
sloping from right and left toward the three center launders, two of which are 
for tailings and one (called No. 1 settling tank) is for heads. The tailings of 
the tables go to waste, while the heads are removed every two hours and caught 
in No. 1 settling tank. This overflows to No. 2 settling tank, and the ovctAow 
of No. 2 settling tank goes to waste. The settlings in both No. 1 and No. 2 sel- 
tling tanks are shoveled out and sent to the cyanide plant. The waste tailings 
of the mill go to Mill 81. 

The labor required is six men per 24 hours, divided into two shifts. Wages 
are $1.50 per day. The material coming to the mill assays 0.03 ounce gold 
per ton. The concentrates from No. 1 settling tank (3,000 pounds jxt 2 1 liours) 
assay 2.25 ounces gold per ton, and those from No. 2 settling tank (238 pounds 
per 24 hours) assay 3.0 ounces per ton. The tailings assay 0.021 ounce gold 
per ton. 100 tons of material coming to the mill yield 0.39 ton of concentrati'^ 
and 99.6 tons of tailings. The mill saves about 30% of the gold. 

This mill has since been remodelled after the plan of Mill 78. 

(g) GOLD MILL WITH GRAVITY STAMPS AND CANVAS TABLES. 

§ 755. A mill using gravity stamps, trommel and canvas tables has been used in 
the Cripple Creek district of Colorado. Each table once an hour was shunted out, 
flowed with clear water to remove excess of quartz, and hosed off to save the pyrite 
and telluride of gold. The coarse oversize of the trommel was sent back to the 
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stamps when, it appeared worth while. This mill appeals for a place by its 
extreme simplicity and its nse of apparatus of final resort as its main means of 
saving the values. The saving is not high, due to the fact that the coajrser 
grains require different conditions on the canvas table from the very fine slimes. 

(r) THE ARRASTRA. 

§ 756. Mill 81, which is the only mill in this group, is a tributer^s mill, such 
as occurs in a number of districts in California, being used to re-treat the tailings 
of gold stamp mills. The catch is probably from gold particles included in the 
quartz and perhaps also in a little of the flattish auriferous pyrite, which has 
escaped the vanners and canvas tables. In some cases arrastras are used upon 
the ore as it comes from the mine. 

§ 757. Mill No 81. Stephen Lavagnino's Arrastras, Angels Camp, 
California. — Capacity 18 to 20 tons per 24 hours. The mill runs 24 hours 
per day, 7 days per week. The material treated is tailings from Mill 80, which, 
with added water from Mill 65, come down by a ditch two miles to this mill. 
The plant consists of a system of small settling tanks for stopping the material 
by the side of the arrastras, and four arrastras. The overflows of the settling 
tanks are waste. The arrastras (see § 205) each treat a charge of 4J to 5 tons 
in 24 hours. A little spoonful of mercury, 25 pounds of lime, and one pound of 
blue stone are fed each day per arrastra, the total cost of these chemicals 
being $0.60. Every day the finely ground charge is flushed out to waste and a 
new charge shoveled in from the settling tanks. About every three months the 
arrastras are cleaned out for the accumulated amalgam. 

At one clean up three arrastras yielded 13 pounds of amalgam worth $75 per 
pound. Three strong men working 13 or 14 hours per day can run four arras- 
tras. The arrastras are driven by water power. The material coming to this 
mill assays about 0.02 ounce gold per ton. In the settling tanks it is probably 
concentrated up to about 0.062 ounce per ton. The arrastras _ save about 0.03 
to 0.035 ounce gold from each ton treated although sometimes it goes as low as 
0.02 ounce. 

(s) SILVER MILLS WET OR DRY. 

§ 758. The wet silver mill or Washoe process is in two forms. One is called 
the tank mill and uses breakers, gravity stamps, settling tanks, amalgamating 
pans for grinding, chemical treatment and amalgamation, settlers and agitators. 
The other is called, from its inventor, the Boss continuous system of amalgama- 
tion and uses breaker, gravity stamps, pans for grinding, pans for chemical treat- 
ment and amalgamation, settlers and agitators. ^ They both use one or more of 
the following chemicals as needed, adding them in the order called for. mercury, 
the iron of the pan, cupric sulphate (blue stone) , sodium chloride (common salt) , 
sulphuric acid, soda ash, quick lime (burnt lime). 

The dry silver mill or Reese River process roasts the ore with salt and tnen 
amalgamates in amalgamating pans. It uses breaker, dry gravity stamps, con- 
veyor, roasting furnace, cooling floor, pans, settlers and agitators. Mercury ana 
the iron of the pan are the only chemicals used other than those in the rO'asted ore. 

The two processes, on account of the chemical reactions used in them, are 
treated in the honks on metallurgv and' the reader is referred for descriptions of 
them to King,""® Schnabel,^" Egleston,^" Eissler"® and Phillips.®^ 

(t) SILVER COMBINATION MILLS COMBINING GOLD MILLS AND WET SILVER MILLS 

OR WASHOE PROCESS. 

8 759 This group includes Mills 82, 83 and 84. The treatment takes out the 
free gold as amalgam on amalgamated plates, and the rusty pld and sulphides of 
the valuable metals as concentrates of the vanners. The included grains and fine 
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slimed sulphides then yield silver and gold to amalgam in the pans of the Washoe 
process. The settlers, agitators, etc., extract this amalgam. The amount of 
gold caught by amalgamated plates in Mill 83 would be small and so they are 
not used, but in Mills 82 and 84 they are thought to save enough to pay for their 
use, although even in these two mills if plates were not used the gold would still 
be caught, either on the vanners or in the amalgamating pans. 

The advantages of this process over the wet and dry silver mill are thus stated 
by Mr. Arthur Buckbee, based on experience in the Tintic district, Utah. Wet 
stamps crush one and one-half to two times as fast as dry. The dry silver mill 
extracts one-tenth more silver than the wet, but adds the cost of roasting. The 
combination mill saves the lead which is lost in the other two processes, and by 
the concentration largely prevents lead and arsenic from fouling the mercury and 
interfering with the amalgamation. 

§ 760. Mill No. 82. Montana Mining Company, Limited, Marysville, 
Montana. Combination Mill. — Capacity 110 tons per 24 hours. The mill 
runs 24 hours per day, 7 days per week. The description of the ore has been 
already given under Mill 68. The ore is brought in cars holding one ton and 
dumped upon (1). 

1. Two No. 1 grizzlies with IJ-inch spaces. Oversize is hand picked into rich 
ore to smelter and residue to (2) ; undersize to (3). 

2. Two No. 1 Blake breakers, 9 X 15 inches, crushing to IJ inches. To (3). 

3. From (1) and (2). Ore bin 91 feet long, 14 feet wide, and 13 feet deep 
with bottom sloping 45° and holding 500 tons. By ten chutes and ten Hendy 
feeders to (4). 

4. Fifty gravity stamps arranged in ten batteries using screens with 0.52-mm. 
square holes and having mercury fed to the mortar. Pulp to (5) ; at periodical 
clean up, amalgam to be retorted, scrap iron to waste and sulphurets to smelter. 

5. Ten amalgamated plates or apron plates. Pulp to (6) ; amalgam removed 
dailyt cleaned into hand pan, strained and retorted'. 

6. Two launders, one for six batteries and one for four batteries, provided with 
Howland riffles. Pulp by two bucket elevators and distributing launders to (7) ; 
heavy sand and amalgam removed every three days to (13). 

7. Twenty 4-foot Frue vanners with amalgamated plates on their distributors. 
Heads to smelter; tailings to (8) ; amalgam removed from plates weekly and re- 
torted. 

8. Eighty settling tanks arranged in two sets of forty each, one set for twelve 
vanners, and one set for eight vanners. Each set consists of eleven No. 1 tanks 
in series followed by twenty-eight No. 2 tanks in series and one No. 3 tank. 
Settlings in No. 1 and No. 2 tanks are shoveled out, wheeled to a feeding floor, 
and thence to (9) ; settlings in No. 3 tanks flushed out to (9) ; a portion of the 
water in No. 3 tank is pumped back to the stamp mortars (4) ; overflow of No. 3 
tanks to waste. 

9. From (8), (11) and (12). Twenty-four amalgamating pans, 5-f()()t com- 
bination pans, using mercury and chemicals. The charge is one ton per pan 
and the time of treatment of a charge is four hours, one-half the pans being dis- 
charged every two hours to (10) ; heavy sand cleaned out occasionally to (13). 

10. Twelve settlers. Time of treatment of a charge is two hours. Amalgam to 
(14) ;pulp to (11). 

11. Five agitators. Heavy sand cleaned out every twelve hours to (9) ; over- 
flow continuously to (12). 

12. One wheel agitator. Heavy sand cleaned out periodically to (9) ; liglil 
sand and water to waste. 

13. From (6) and (9). A clean up pan. Amalgam to (14) ; sulphurets to 
smelter. 
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14. From (10) and (13). Four amalgam strainers and safes. Amalgam by 
ear to retort to be retorted and melted; mercury used over in the mill. 

The labor required in this mill is 39 men per 24 hours : 2 foremen, 2 engineers, 
3 firemen, 3 breaker men, 5 battery men, 2 plate men, 4 vanner men, 4 pan men, 2 
pan helpers, 10 tank men and 2 agitator men. The breaker men, battery men and 
firemen work 8-hour shifts and the rest of the men work 12-hour shifts. Wages 
vary from $3 per day for a laborer to $4 or $4.50 for a mechanic. Board costs 
$1 per day and wood is $3.80 per cord. Power is furnished by a poppet valve 
high pressure engine which gives 200 indicated horse power. The boilers require 
ten cords of wood per 24 hours. 

The water required is 175.4 gallons per minute divided as follows: boilers, 11 
gallons ; 30 side pans for live steam, 2.4 gallons ; 20 side pans for live steam, 2 
gallons; stamps, 100 gallons; vanners, 20 gallons; settlers, 40 gallons. 

The ore assays from 0.25 to 0.50 ounce gold and 10 to 15 ounces silver per ton ; 
the smelting ore picked out by hand at the grizzly (from 0 to 10 tons per mionth) 
assays 2.5 to 8.3 ounces gold and 77 to 258 ounces silver per ton; the vanner con- 
centrates assay 8.3 ounces gold and 258 ounces silver per ton; the tailings assay 
0.075 ounce gold and 4 to 5 ounces silver per ton. The bullion from the plates is 
500 to 600 fine in gold and 400 to 500 fine in silver ; that from the settlers is 15 
fine in gold and 750 fine in silver. One hundred tons of ore yield from f to 1 
ton of concentrates and about 99 tons of tailings ; and also 55 to 73 ounces of bul- 
lion from the apron plates, 4 to 5 ounces from the plates on the vanners and 600 
ounces from the settlers. Of the gold 60% is saved by the amalgamated plates, 
15% by the amalgamating pans and 13% by the vanners, and 12% is lost in the 
tailings. Of the silver 2% is saved by the plates, 38% by the pans and 22% by 
the vanners, and 37% is lost in the tailings. The loss of mercury is about \ 
pound per ton of ore. 

The waste tailings of this mill are now caught in settling ponds and cyanided 
(see end of Mill 68). 

This mill was originally designed as a dry crushing silver mill using the Reese 
River process. Before completion it was found that the Washoe process of wet 
stamping was more suitable, and the plates and settling tanks were installed in a 
cramped space between the stamps and the pans, and the tank accommo'dation is 
therefore entirely inadequate. Later it was found that the combination process 
was the best process but as there was no room for vanners in their proper position 
between the plates and the settling tanks, they had to be placed elsewhere, some 
on the old drying floor back of the stamps and some in an additional building out- 
side, and it was necessary to install elevators to lift the pulp from the plates to 
the vanners. This arrangement complicates the whole mill, necessitates the 
employment of additional men, and adds considerably to the expense. 

g 761. Mill No. 83. Eureka Hill Mining Company, Eureka, Tintic 
District, Utah. — Capacity 120 tons per 24 hours. The mill runs 24 hours per 
day, 7 days per week. The ore is oxidized ore and consists of the economic min- 
erals native silver, cerargyrite, galena, cerrusite, anglesite, malachite, azurite, 
chrysocolla, and arscnite and arseniate of copper, and a gangue of quartz, calcite, 
siderite, and rhodocrosite. The problem is to save the gold and silver and to 
remove arsenic and manganese previous to amalgamation since the former sicken^ 
the mercury and the latter neutralizes the effect of the chemicals in the amal- 
gamating pans. The ore is -divided into two classes: (n) rich ore which goes to 
the smelter, and (6) concentrating ore which is brought in cars, holding one ton, 
up the side of the hill by an inclined hoist 700 feet loner, with 22° slope, and 
dumped into two hoppers, each 10 X 7 feet, and 3 feet deep. These hoppers 
deliver to two Comet breakers, size D, crushing to 1 or 14 inches, and the crushed 
ore goes to two mill bins, each 46 feet long, 18 feet wide and 18 feet deep in front. 
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with bottom sloping 45°. The ore is discharged through twelve gates and chutes 
to twelve Hendy feeders and thence to sixty gravity stamps arranged in twelve 
batteries, using screens with 0.42-mm. square holes and having no mercury ted to 
the mortars. The pulp from forty stamps goes to eight ISTo. 1 6-foot Frue vanners 
and that from the other twenty stamps is evenly distributed among sixteen No. 
2 6-foot Frue vanners. The heads of both No. 1 and No. 2 vanners are shipped 
to smelter; the tailings of No. 1 vanners are evenly distributed among the sixteen 
No. 2 vanners, and the tailings of No. 2 vanners go to sixty-nine settling tanks. 
The overflow water of these tanks is pumped back to be used over again in the 
stamps and on the vanners; the settlings are either shoveled or flushed out to 
twenty-four amalgamating pans, 5-foot combination pans, using mercury and 
chemicals. The charge of sand is li tons per pan and the time of treatment is 
eight hours. Half of the pans are discharged every four hours to the settlers. 
The pans are cleaned out twice a month yielding amalgam to a clean up pan. 
There are twelve settlers and the time of treatment in each is four hours. They 
yield amalgam to strainers and pulp to four agitators which in turn yield a little 
amalgam to the strainers when the settlers are not working perfectly. The sand 
and water overflow continuously from the agitators to the pond from which the 
water is pumped back to a tank to be used over again in the settlers. There are 
two clean up pans in the mill which treat the amalgam cleaned out from the 
amalgamating pans and they yield amalgam to the strainers and pulp which goes 
to the above mentioned settlers. There are six strainers and safes to receive the 
amalgam from the settlers, agitators and clean up pans. They yield hard amal- 
gam to be retorted and melted and mercury to be cleaned and used over in the mill. 
The melted bullion is shipped to a lead refinery. 

The mill employs 33 men per 24 hours: 1 superintendent, 2 foremen, 2 en- 
gineers, 2 firemen, 2 breaker men, 3 battery men, 3 vanner men, 3 pan men, and 
15 others. Wages vary from $2 or $2.50 per day for laborers to $2.50 or $3.50 
per day for mechanics. Board costs $22.50 per month, and coal is $3 per ton. 

The power is supplied by a Fraser & Chalmers compound Corliss engine witli a 
receiver but no condenser, with high pressure cylinder 20 X 48 inches, cutting ofP 
at -J stroke, and low pressure cylinder 32 X 48 inches. Steam at 125 pounds 
pressure per square inch is generated by six fire tube steel boilers, 54 inches diam- 
eter, 16 feet long, with 44 tubes 3J inches diameter. The mill burns 11^ tons of 
coal per 24 hours. 

Water is pumped from Homansville, 3 miles distant, with an expenditure of 
two tons of coal per day, through a 6-inch pipe and up 400 feet to a store tank 
with a capacity of 600,000 gallons, placed at the top of the mill. The mill 
requires about 60,000 gallons of fresh water per 24 hours for the entire work, in 
addition to what is obtained by repumping from the settling tanks and th(‘ set- 
tling pond. Of the total fresh water delivered to the mill, 28% is used for 
malang steam and 72% is used in actual milling. 

The ore assays 0.10 to 0.25 ounce gold and 17 ounces silver per ton. A (*h(‘in- 
ical analysis showed it to also contain: silica (SiO,) 75%, eo[)per 1%, lead 2%, 
antimony (Sb) 0.5%, arsenic (As) 0.5%, aluminum (Al) 2%, mangan(‘se' 
(Mn) 1%, iron (Fe) 1%, lime (CaO) 7.8%, sulphur (S) 2%, carbon dioxide* 
(COo) 6.2%. A set of assays of samples all taken on the same day gave* the* fol- 
lowing: pulp from the stamps contained 0.08 ounce gold and 20.5 oune'os silve'r per 
ton, 1% lead and 1% copper; the heads of No. 1 vanners contained 0.20 oiine'C 
gold and 82.4 ounces silver per ton, 33% lead and 3% copper; the tailings of No. 
2 vanners contained 12.5 ounces silver per ton and 0.5% copper ; the palp leaving 
the settlers contained 5.1 ounces silver per ton. One hundred tons of ore yield 10 
tons of concentrates and 90 tons of tailings. The mill saves about 40% of the 
silver by concentration and 40% by amalgamation and loses 20% in the tailings. 
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In this mill as well as in the next one, notice that the tailings of one set of 
Frue vanners are further treated on a second set. This mill has recently been 
enlarged so that it contains 100 stamps, 50 Frue vanners, 32 amalgamating pans, 
and 16 settlers. 

§ 762. Mill No. 84. Mammoth Minihg Company, Mammoth, Tintic Dis- 
trict, Utah, — Figs. 522a and 522 & show this mill when twenty stamps had been 
installed. — Capacity 100 tons per 24 hours. The mill runs 24 hours per day, 7 
days per week. The ore is oxidized and consists of the economic minerals native 
silver, cerargyrite, argentite, argentiferous barite, malachite, and arsenite and 
arseniate of copper, and a gangue of quartz and calcite. The problem is to save 
the silver and the accompan 3 ring gold and incidentally the lead and copper. Some 
rich ore is shipped direct to the smelter. The concentrating ore is brought one 
mile in bottom discharge wagons and dumped through a hatchway upon a grizzly 
with l-|-inch spaces. The undersize goes direct to the No. 2 or stamp bins while 
the oversize goes to No. 1 bin which is 20 feet long, 14 feet wide, and 12 feet deep 
on the front side, with bottom sloping 40®, and holding 80 tons. This discharges 
by rack and pinion gate to No. 1 breaker, a Comet, size D, crushing to 3 inches, the 
product of which goes to a trommel with 1-inch round holes. The undersize of 
this passes direct to No. 2 bins; the oversize passes through two No. 2 Blake 
breakers, 9 X 15 inches, crushing to 1^ inches, and thence by two horizontal rubber 
belt conveyors to the No. 2 bins, the stuff being delivered to any desired part by 
means of an oblique scraper. There are two of the No. 2 or stamp bins, each 
294 feet long, 18 feet deep in front and 14 feet wide, with bottom sloping 40°. 
They deliver the ore by gates and chutes through eight Hendy feeders to forty 
gravity stamps arranged in eight batteries, using screens with 0.41-mm. square 
holes and having no mercury fed to the mortar. The mortars are cleaned out 
monthly to remove scraps of iron which go to waste. The pulp issuing from the 
mortars passes over eight sets of amalgamated plates and mercury traps each 
arranged as follows: a transverse distributing trough, an apron plate, No. 1 mer- 
cury trap. Amalgam is removed daily from the plates and is retorted. The mer- 
cury traps are cleaned out periodically and the heavy sand and amalgam sent to 
a clean up pan. The pulp after passing over the mercury trap runs to eight No. 
1 6-foot Frue vanners the heads of which go to smelter and the tailings go to six- 
teen No. 2 6-foot Frue vanners. The heads of these also go to smelter and the 
tailings go to thirty settling tanks. There is one spare 7-belt Woodbury vanner 
which may be used as a No. 1 vanner. The launders are also arranged so that if 
a No. 1 vanner is out of order the pulp can go to the corresponding two No. 2 
vanners. The thirty settling tamkb are arranged in series and the settlings are 
dumped through the bottom into amalgamating pans while the overflow is lifted 
by a plunger pump back to be used over again in the stamps. There are twenty 
amalgamating pans, 5-foot combination pans, using mercurv^ and chemicals. 
The charge of ore is tons and the time of treatment is six hours, one-half the 
pans being discharged every three hours to the settlers. The pans are cleaned out 
once a month and the heavy sand and amalgam sent to the clean up pans. There 
are ten settlers which treat'a charge in three hours and yield amalgam to strainers 
and pulp to two agitators. A small amount of amalgam is obtained from these 
agitators and goes to the strainers; the sand and water overflow continuous! v from 
the agitators and run to a settling pond from which the water is piunpod back to 
be used over again in the pans and settlers. The^e tailings from the agitators 
have been run over blanket tables. One strainer and amalgam safe receives the 
amalgam from the settlers and agitators, and vields hard amalgam to be retorted 
and quicksilver to be used over in the mill. The clean up pan which treats stuff 
from the mercury traps and amalgamating pans grinds a charge in two hours and 
discharges it to the settlers. 
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The labor required is 31 men per 24 hours: 2 engineers^, 2 firemen, 1 breaker 
man, 3 battery men, 5 vanner men, 2 pan men, and 16 others. Wages vary from 
$2 or $2.50 per day for laborers to $3 or $4 for mechanics. Board costs $25 per 
month. Coal costs $2.75 per ton and wood $1.60 per cord. 

Water is pumped 18 miles and up 400 feet through an 8-inch cast iron pipe 
by a Tappan pump requiring an expenditure of two cords of wood per 24 hours. 
The amount is 70,000 gallons in 24 hours, and in addition 30,000 gallons are 
repumped from the settling tanks and settling pond, making the total amount 
of water used by the mill 100,000 gallons per 24 hours. Of this amount nearly 

58.000 gallons are used by the stamps. 

Power is furnished by a Fraser & Chalmers compound Corliss engine rated at 
280 horse power. The low pressure cylinder has not been added and it actually 
indicates 212 horse power. There are four fire tube boilers, 16 feet long, 56 
inches diameter, with 50 tubes 3-| inches in diameter, running under a steam 
pressure of 125 pounds per square inch. Only three are run at a time and they 
burn eight tons of coal per 24 hours. 

The shipping ore assays 2 to 5 ounces gold and 10 to 200 ounces silver per ton, 
and 20 to 60% lead. The concentrating ore assays 0.25 to 0.60 ounce gold and 
6 to 12 ounces silver per ton. The concentrates assay 1.5 to 2.5 ounces gold, and 
25 to 50 ounces silver per ton, and 5 to 7% lead. The tailings assay 0.082 to 
0.125 ounce gold and 2 to 4 ounces silver per ton. The bullion is 50 to 500 fine 
in gold and 400 to 850 fine in silver. One hundred tons of concentrating ore yield 
4 to 8 tons of concentrates from No. 1 vanners, 2 to 4 tons from No. 2 vanners and 
88 to 94 tons of tailings. In addition there are from 2 to 20 tons of shipping 
ore for every 100 tons of concentrating ore. The amount of bullion ranges from 

10.000 to 12,000 ounces per month. Of the gold 22% is saved on the amal- 
gamated plates, 28% in the vanner concentrates, and 32% in the amalgamating 
pans, and 18% is lost in the tailings. The corresponding figures for silver are 
3%, 32%, 35% and 30% respectively. Of the lead and copper 85% is saved in 
the vanner concentrates and 15% is lost in the tailings. 

This mill has been increased to 60 stamps and 36 vanners and other machinery 
to correspond. The use of graded crushing in this mill by two sets of rock 
breakers with a trommel between is rather unusual. The advantage probably is 
that hand sledging of the large lumps is not necessary. 

{u) GOLD COMBINATION MILLS COMBINING COMPLEX JIGGING MILLS AND GOLD 

MILLS. 

§ 763. This group includes Mills 85 to 88 inclusive. They use broakcT, rolls, 
screens, classifiers, jigs and tables in the first part, and gravity stamps, atiial- 
gamated plates, and vanners or tables in the last part. The last part treats th(‘ jig 
tailings from the first part. Mill 85 uses Gilpin County concentrators in both 
parts. Mill 86 uses Gilpin County concentrator, vanner and slime table in Ihe 
first part, Huntington mill to replace stamps and Gilpin County concemtrators in 
the second part. Mill 87 uses vanners in the second part, and Mill SH has Gilpin 
County concentrators and a vanner in the second part. 

Besides the mills described in this class the Silver Lake Mill of Silve-rton, 
Colorado, is also a leading mill of the kind. This class of mills is suited to ores 
which carry, in addition to free gold, a considerable percentage of concentrates in 
fairly coarse crystallization. 

Mill 86 is representative of the system of coarse crushing and concentration 
followed by amalgamation on Gilpin County ore in comparison with the system of 
fine stamping and amalgamation followed by concentration which is represented 
by Mill 77. Much discussion has occurred' over the relative merits of the two 
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systems. The best opinion seems to be that each has a sphere of its own depending 
on the nature of the ore, the percentage of sulphides in the ore, and the ruling 
smelting charges. 

The Gilpin County ores as a rule have the pyrite in quite coarse crystallization 
and the gcdd is -contained in the pyrite so that one would naturally consider it a 
concentrating ore. When this district was developed, however, there was no 
maiket for low grade concentrates and consequent!}" fine crushing and amalgama- 
iion was the only system that could be used. Later when concentrates could be 
sold concentrators were put into the mills and thus originated the scheme illus- 
trated by Mill 77. This system is of low cost and where the percentage of sul- 
phides is not so high as to cause a considerable loss by sliming it gives a fairly 
good extraction so that the net return per ton of oie is greater than with any other 
process. An illustration of how the loss increases as the percentage of sulphides 
increases is given by Argali,®^ who states that a lot of ore containing 95% pyrite 
and assaying 1.06 ounces gold and 1.74 ounces silver per ton, was put through a 
mill similar to Mill 77 and 50% of the pyrite was lost in the tailings as slime 
and this contained 25% of the gold and 49% of the silver. Amalgamation 
saved 35% of the gold and 6% of the silver and concentration 
saved 40% of the gold and 45% of the silver. The process illustrated by Mill 
86 is more costly but it does not produce so many slimes and the total saving is 
higher than in Mill 77 especially where the ores have a high percentage of sul- 
phides (over 15%) or where the ore is refractory to amalgamation, particularly 
ores containing tetrahedrite. 

Two other arguments are used. The first is that it is of no benefit to use 
amalgamation previous to concentration, for the gold would all be saved by con- 
centration alone. This is not always true however, as is shown by the following 
instance^"^® from another district. At Mount Shasta, California, a gold ore con- 
taining its value in sulphides of iron, zinc, copper and lead was crushed in a Tustin 
mill to 40 mesh and concentrated, resulting in a saving of 90 to 94% of the gold. 
An amalgamated plate was then placed between the Tustin mill and the con- 
centrator and saved a lot of free gold bringing up the total saving to 95 or 96%. 
The second argument is that the net saving to the miner is greater if he stamps fine 
and saves all he can in amalgam and that the net loss to him due to loss in fine 
slimes is less than if he saved a larger percentage of the gold in concentrates which 
were greater in amount and then had to pay out all he had gained and perhaps 
more in paying freight and smelting charges. 

rt seems, then, to be a question entirely of the ledger to determine whether 
ihe percentage of sulphides and other conditions are such that the greater extrac- 
tion of the coarse crushing, concentrating, and- amalgamating scheme of Mill 86 
will or will not pay for its increased cost over the fine stamping, amalgamating 
und concentrating scheme of Mill 77. 

§ 764. Mill No. 85. Newton Jigging Mill, Idaho Sprtngs, Colorado. — 
The description of the ore has been already given under Mill 70. The ore is 
brought in two-horse wagons and shoveled to (1). 

1. A bin 50 feet long, 12 feet wide, and 8 feet deep. By shovel or wheelbarrow 
to (2). 

2. One Blake breaker, 7X9 inches, crushing to U inches:. To (3). 

3. From (2) and (5). One No. 1 bucket elevator. To (4). 

A. One No. 1 trommel with 4-mesh square holes. Oversize to (5) ; undersize 
to (6). 

5. One pair of No. 1 rolls, 20 X 16 inches. To (3). 

6. From (4). One No. 2 trommel with 8-mesh square holes. Oversize to 
(10) : undersize to (7). 
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7. One No. 3 trommel with 12-mesh square holes. Oversize to (11) ; under- 

8. One No. 1 hydraulic classifier with one spigot. Spigot to (12) ; overflow to 

(9) 

9. * One No. 1 surface current box classifier with one spigot. Spigot to (13) ; 

overflow to (22). . .. . j ^ , 

10. From (6). Two No. 1 jigs. 2-&ieve Harz jigs. Skinmiings and hutches 

to (21) ; tailings to (14). 

11. From (7). One No. 2 jig. 3-sieve Harz jig. Hutches to (21) ; tailings 
to (14). 

12. From (8). One No. 3 jig. 3-sieve Harz jig. Products like (11). 

13. From (9). One No. 1 double Gilpin County concentrator. Heads to 
(21) ; tailings to (22). 

14. From (10), (11) and (12). One No. 1 unwatering box with one spigot. 
Spigot to (15) ; overflow to (22). 

15. Ten gravity stamps arranged in two batteries and having mercury fed to 
the mortars. Pulp to (16) ; mortars cleaned out fortnightly for amalgam. 

16. Two amalgamated plates. Pulp from one plate to (17) ; pulp from the 
other plate to (19) ; amalgam removed periodically and retorted. 

17. One No. 1 mercury trap. Pulp to (18) ; heavy sand and amalgam removed 
periodically and the amalgam panned out and retorted. 

18. One No. 2 double Gilpin County concentrator. Heads to (21) ; tailings 
to (22). 

19. From (16). One No. 2 hydraulic classifier with two spigots. Each spigot 
to one half of (20) ; overflow to (22). 

20. One No. 3 double Gilpin County concentrator. Heads to (21) ; tailings 
to (22). 

21. From (10), (11), (12), (13), (18), (20). The concentrates are caught 
in boxes, loaded in bulk into railroad cars and shipped to smelter. 

22. From (9), (13), (14), (18), (19), (20). Tailings launder to waste. 

§ 765. Mill No. 86. Rocky Mountain Mill, Blackhawk, Gilpin County, 
Colorado. — Capacity 75 tons in 24 hours. The mill runs 24 hours per day, 
6 days per week. The ore consists of the gold and silver bearing economic min- 
erals pyrite, chalcopyrite, blende and galena, and a gangue of quartz and di'-’intc- 
grated granite. The problem is to save the gold and silver. The ore is brougld 
in cars holding 10 tons, 10 cars to a train, or by 4-horse wagons, weighed and 
dumped into (1). 

1. Six receiving bins, each holding 20 tons. By shovel to (2) . 

2. One No. 1 Blake breaker, 7 X 10 inches, crushing to 1 inch. To (3). 

3. One pair of No. 1 rolls, 30 X 14 inches, set -J inch apart. To (4). 

4. From (3) and (6). One No. 1 bucket elevator, to (5). 

5. One No. 1 trommel with 9-mm. round holes. Oversize to (6) ; undersize 
to (7). 

6. One pair of No. 2 rolls, 30 X 14 inches, set close togetlier. To (1). 

7. From (5). A Collins sampler. Sample (about 1% of total) is sampl(‘d 
down further by the assayer; remainder to (8). 

8. One No. 2 trommel with 6^-mm. round holes. Oversize to (14) ; un(l(‘r- 
bize to (9). 

9. One No. 3 trommel with 3-mm. round holes. Oversize to (16) ; iindiTsize 

to (10). 

10. One No. 4 trommel with 1^-mm. round holes. Oversize to (18) ; under- 
size to (11). 

11. One No. 1 hydraulic classifier with one spigot. Spigot to (21) ; overflow 
to (12). 
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12. One No. 2 hydraulic classifier with one spiffot. Spi^rot to (23) ; overflow 
to (13). 

13. One No. 1 unwatering box. Spigot to (24) ; overflow (if auy) to (38). 

14. From (8). One No. 1 jig. 3-sieve Harz jig. 1st and 2d discharges prob- 
ably to (39) ; 3d probably to (20) ; 1st and 2d hutches to (39) ; 3d‘ to (20) ; tail- 
ings to (15). 

15. No. 1 un watering sieve of 10-mesh wire cloth. Oversize to (S5) ; under- 
size (water) to (38). 

16. From (9). Two No. 2 jigs. 3-sieve Harz jigs. 1st and 2d discharges 
probably to (39) ; 3d probably to (20) ; 1st and 2d hutches to (39) : 3d to (20) : 
tailings to (17). 

17. No. 2 unwatering sieve of 16-mesh wire cloth. Oversize to (25) ; under- 
size (water) to (38). 

18. From (10). Two No. 3 jigs. 3-sieve Harz jigs. 1st and 2d hutches to 
(39) ; 3d to (20) ; tailings to (19). 

19. No. 3 unwatering deve. Oversize to (25) ; undersize .(water) to (38). 

20. From (14), (16), (18), (28). A cleaning jig run intermittently on the 
different materials. Concentrates to (39) ; tailings to (25). 

21. From (11). One No. 1 double Gilpin County concentrator. Heads to 
(39) ; tailings to (22). 

22. One No. 2 double Gilpin County concentrator having an inclined 40-mesh 
screen attached to and bumping with the table. Oversize of screen to (25) ; 
undersize to the table; heads of table to (39) ; tailings to (40). 

23. From (12). One 4-foot Frue vanner. Heads to (39) ; tailings to (40). 

24. From (13), (36). One convex revolving slime table. Heads to (39) ; 
middlings returned to the table; tailings to (40). 

25. From (15), (17), (19), (20), (22), (28). One No. 2 bucket elevator. 
To (26). 

26. One 5-foot Huntington mill using screen with 0.43 X 9.5-mm. slots.* To 

(27) . 

27. One No. 5 trommel with 0.88-mm. square holes. Oversize to (28) ; under- 
size to (29). 

28. From (27), (35). One No. 4 jig. 3-sieve Harz jig. 1st hutch ‘to' 
(39) ; 2d to (20) ; 3d to (25) ; tailings to (40). 

29. From (27). Two amalgamated plates in series. Pulp to (30); amal- 
gam removed periodically and retorted. 

30. One No. 1 mercury trap. Pulp to (31) ; heavy sand and amalgam re- 
moved periodically and the amalgam panned out and retorted. 

31. One No. 3 hydraulic classifier with three spigots. 1st spigot to (32) ; 2'd 
to (33) ; 3d to (34) ; overflow to (37). 

32. One No. 3 double Gilpin County concentrator. Heads to (39) ; tailings' 
to (35). 

33. From (31). One No. 4 double Gilpin County concentrator. Heads to 
(39) ; tailings to (40). 

34. From (31). One No. 5 double Gilpin County concentrator. Heads to 
(39) ; tailings to (36). 

35. From (32). One No. 6 double Gilpin Countv Concentrator. Heads to^ 

(28) ; tailings to (40). 

36. From (34). An endless canvas belt table. Hoads to (24) ; tailings 
to (40). 

37. From (31). \ fixed canvas table, 6 X 10 feet. Heads to (39) ; tailing, 

^■0 ( 40) . 


* Later changed to 0 55 x 11 S-mm slots 
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. 38. Prom (13), (15), (17), (19). Settling tank. Settlings removed period- 
icallv to (40) ; water to mill supply pump to be used over again. 

39. From (14), (16), (18), (20), (21), (22), (23). (24), (28), (32), (33), 
(34), (37). The concentrates are all wheeled to the loading floor and weighed 
in barrows before putting into cars. 

40. From (22), (23), (24), (28), (33), (35), (36), (37), (38). Tailings 


launder to waste. 

The labor required is ten men per 24 hours, divided into two shifts : 1 day 
foreman, 1 day and 1 night engineer who also fire the boilers, attend the pump 
and weigh the incoming ore wagons, 1 day and 1 night feeder at the breaker, 
1 day and 1 night jig man who attend the trommel, jigs and cleaning jig, 1 day 
and 1 night vanner man who attend the Huntington mill, plates, concentrators, 
vanner, slime table and classifiers, 1 day laborer who loads and weighs con- 
centrates and unloads coal. Wages vary from $2.50 for laborers per day to 
$3 for mechanics. Board costs $22 per month, coal $3.25 per ton and wood 
$4.50 per cord. 

The power is derived from two fire tube boilers 54 inches diameter, 16 feet 
long, with 48 tubes 3^ inches diameter, running under a pressure of 60 pounds 
per square inch and burning 3 tons of coal per 24 hours ; and a Corliss engine 
with cylinder 14 X 42 inches, cutting off at | stroke and making 69 revolutions 
per minute. 

Water is obtained from a creek and is first settled in settling tanks and 
then lifted 50 feet to a supply tank by a JSTo. 7 pulsometer pump. This pump 
also receives some water from the settling tank (38). 

The ore assays 0.20 to 0.40 ounce gold and IJ to 5 ounces silver per ton, a 
trace of copper and a variable amount of lead, sometimes as high as 2% ; the 
concentrates assay from 0.50 to 1.50 ounces gold aud 2^ to 12 ounces silver 
per ton; the tailings contain 0.02 to 0.06 ounce gold and 0.06 to 1.2 ounces 
silver per ton. The bullion is 650 fine in gold and 300 fine in silver. The 
ores are extremely variable, but on an average 100 tons of ore yield about 20 
tons of coarse concentrates from the jigs, 10 tons of fine concentrates and 70 
tons of tailings. The mill saves from 90 to 93% of the gold and from 75 
to 85% of the silver. The loss of mercury is 0.075 ounce per ton of ore. 

In this mill amalgamated plates were formerly used after the Gilpin County 
concentrator (22), the vanner (23), and the slime table (24), but they were given 
up as useless. Formerly also the pulp from the Huntington mill (26) first 
went over concentrators and then to amalgamated plates, but the plates wore 
found not to catch anything, no quicksilver being fed to the TTuntingion mill. 
The gold which the plates might have caught probably stayed back in the heads 
saved on the concentrators. The present arrangement gives the plates a chance 
to save what gold they can from the pulp before it goes to the concentrators. 
The mill has recently installed a second Huntington mill doing the same work 
as the first. 

§ 766. Mill No. 87. North Star otv Sultan Mill, Stlverton Minino 
Company, Silverton, Colorado. — Capacity 125 tons of concentrating ore per 
24 hours. The mill runs 24 hours per day, 7 days per week. The ore consists 
of the economic minerals native gold, pyrite, chalcopyrite, galena, tetrahedrite, 
bornite and stibnite, anid a gangue of quartz, calcite, rhodochrosite and barite. 
The problem is to save the gold., silver, copper and lead. The ore is sorted 
in the mine into three classes: (a) smelting ore, (h) concentrating ore, and 
(c) waste; (a) and (5) are hoisted separately and brought in ears and dumped 
upon (1) ; (c) goes to the waste dump. 

1. Receiving floor 8 feet wide and 50 feet long, of which about 15 feet are 
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used for smelting ore going to (2) and 35 feet are used for concentrating ore 
going to (7). 

Sampling Department. 

2. One Blake breaker, 8 X 12 inches, crushing to 1-J inches. To (3). 

3. From (2) and (4). One pair of rolls, 36 X 14 inches, set ^ inch apart. 
By bucket elevator to (4). 

4. A trommel with 2-mesh square holes. Oversize to (3) ; undersize to (5). 

5. A Vezin sampler. Sample to (6) ; remainder to cars to smelter. 

6. The sample is further crushed and quartered down to obtain three assay sam- 
ples, one each for mill, smelter, and umpire. 

Concentrating Department. 

7. Prom (1). One No. 1 Blake breaker, 9 X 15 inches, crushing to 1^ inches. 
To (8). 

8. A bin 8 feet long, 6 feet wide and 6 feet deep in front, with bottom sloping 
45°. By chute through a Hendy feeder to (9). 

9. One pair of No. 1 rolls, 36 X 14 inches, set i inch apart. To (10). 

10. From (9) and (12). One No. 1 bucket elevator to (11). 

11. One No. 1 trommel with 4-mesh and 3-mesh square holes. Oversize to 
(12) ; undersize to (13). 

12. One pair of No. 2 rolls, 36 X 14 inches, set close together. To (10). 

13. From (11). One No. 2 trommel with 6-mesh square holes. Oversize to 
(17) ; undersize to (14). 

14. One No. 3 trommel with 8-mesh square holes. Oversize to (18) ; under- 
size to (15). 

15. One No. 4 trommel with 12-mesh square holes. Oversize to (19) ; under- 
size to (16). 

16. One No. 1 hydraulic classifier with three spigots. Bottom spigot to 
(20) ; two upper spigots to (21) ; overflow to (27). 

17. From (13). Two No. 1 jigs. 3-sieve Harz jigs. Discharges and hutches 
to (28) ; tailings to (22), 

18. From (14). Two No. 2 jigs. 3-sieve Harz jigs. Hutches to (28) ; tail- 
ings to (22). 

19. From (15). One No. 3 jig. 3-sieve Harz jig. Products like (18). 

20. From (16). One No. 4 jig. 3-sieve Harz jig. Products like (18). 

21. From (16). Two No. 5 jigs. 3-sieve Harz jigs. Products like (18). 

22. From (17), (18), (19), (20), (21). No. 1 unwatering box. Settlings 

shoveled to (23) ; overflow used as feed water to (23). 

23. Twenty gravity stamps arranged in four batteries, using screens with 24 
or 30-mesh square holes, and having no mercury fed to the mortar. Pulp to 
(24) if it contains free gold or to (25) if it does not. Mortars cleaned out 
monthlv to remove scraps of iron to waste. 

24. Four amalgamated plates. Pulp to (25) ; amalgam removed fortnightly 
and retorted. 

25. From (23) or (24). Two No. 2 hydraulic classifiers, each with one 
spigot. Spigots to (26) ; overflow to (27). 

26. Two No. 6 jigs. 4-sieve Harz jigs. Hutches to (28) ; tailings to (29). 

27. From (16) and (25). Four 7-belt Woodbury vanners. Heads to (28) ; 
tailings to (29). 

28. From (17), (18). (19), (20), (21). (26). (27). Concentrates are caught 
in boxes below the machines, shoveled out to barrows, wheeled to bin and shov- 
eled into railroad cars to go to smelter. 

29. From (26) and (27). Tailings launder to waste. 
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Water power is used. One 80-liorse power Leffel wheel, running under 56 
feet head, drives the breaker, rolls and stamps. One 35-horse power Leffel wheel 
with a governor runs the trommels, jigs, vanners and dynamo. 

The water for washing runs into the mill, no pumping being needed. 

Shipping ore from some portions of the mine is rich in lead and from others 
is rich in copper ; analyses are as follows : 



Ounces Gold 
per Ton. 

Ounces Silver 
per Ton. 

Lead. 

% 

Coj^er. 

Lead ore 

0.25 

49.6 

24.3 

2 

Lead ore 

0.18 

48 

88 

4.15 

Copper ore 

0.20 

24.3 

3 

11.21 

Copper ore 

1.88 

68.1 

11 

8.3 


The concentrating ore is worth from $10 to $20 per ton in gold, silver, copper 
and lead. The concentrates assay 0.5 to 1.5 ounces gold and 20 to 30 ounces 
silver per ton, 5% copper and 20% lead. The tailings assay a trace of gold, 2 
ounces silver, 0.5% copper and 2 to 3% lead, the maximum value of the tailings 
being $2.50 per ton. One hundred tons of ore yield 25 tons of concentrates and 
75 tons of tailings- The mill saves about 85% of the values. 

N'otice in this mill that although concentrates are saved as coarse .as 4 
mesh, yet no tailings are allowed to go to waste that are coarser than 24 or 30 
mesh. 

§ 767. Mill No. 88. Victoria Mill, Silverton, Colorado. — Capacity 75 
tons per 24 hours. The mill runs 24 hours per day, 7 days per week. The ore 
consists of the economic minerals galena, chalcopyrite, pyrite and tetrahedrite, in 
both coarse and fine crystallization, and a gangue of quartz and* “porphyr/^ 
(quartz andesite). The problem is to save the gold, silver, lead and copper. 
The ore is brought down an automatic incline in end dumping cars and dumped 
upon (1). 

1. Eeceiving floor, 15* X 25 feet. By shovel to (2). 

2. One No. 1 Blake breaker, 7 X 12 inches, crushing to 1 } inches. To (3). 

3. One pair of No. 1 rolls, 27 X 14 inches, set ^ inch apart. To (4). 

4. From (3) and (6). One No. 1 bucket elevator, to (5). 

5. One No. 1 trommel with 3-mesh square holes. Oversize to (6) ; undersize 

to (7). 

6. One pair of No. 2 rolls, 27 X 14 inches, set close together. To (4). 

7. From (5). One No. 2 trommel with 6-mcsh and 1-mesh square holes. 
Oversize to (11) ; undersize to (8). 

8. One No. 3 trommel with 10-mesh square holes. Oversize to (12) ; under- 
size to (9). 

9. One No. 1 hydraulic classifier with two spigots. 1st spigot to (13) ; 2d to 
(14) ; overflow to (10). 

10. One No. 2 hydraulic classifier with one spigot. Spigot to (15) ; overflow 
as feed water to (17). 

11. From (7). One No. 1 jig. 4-sieve Harz jig. TTuhdies to (26) ; tailings 
to (16). 

12. From* (8). Two No. 2 jigs. 4-sieve Harz jigs. Products like (11). 

13. From (9). One No. 3 jig. 4-sievc Harz jig. Hutches to (26) ; tailings 
to (17). 

14. Frotn (9). One No. 4 jig. 3-sieve Harz jig. Products like (13). 

15. From (10). One No. 5 jig. 3-sieve Harz jig. Products like (13). 

16. From (11) and (12). Unwatering box. Settlings shoveled to (17) ; 
overflow tc5>'(27).' 

17. From (10), (13), (14), (15), (16). Twenty gravity stamps arranged 
in four batteries, using screens with slots 0.64 mm. wide and having mercurv fed 
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to the mortar. Pulp to (18) ; at periodical clean up amalgam to be retorted^ 
coarse sand to be put back, and scrap iron to waste. 

18. Four amalgamated plates. Pulp to (19) ; at periodical clean up amalgam 
to be retorted. 

19. Four ISTo. 1 mercury traps. Pulp from two traps to (20) and from other 
two traps to (22) ; heavy sand and amalgam removed periodically to (25). 

20. Two N’o. 2 mercury traps. Pulp to (21) ; heavy sand and amalgam re- 
moved periodically to (25). 

‘ 21. Two double Gilpin County concentrators. Heads to (26) ; tailings to 
(27). 

‘ 22. From (19). One No. 3 hydraulic classifier with one spigot. Spigot to 
(23) ; overflow to (24). 

23. One No. 6 jig. 3-sieve Harz jig. Hutches to (26) ; tailings to (27), 

24. From (22). One 7-belt Woodbury vanner. Heads to (26); tailings to 
(27). 

25. From (19), (20). Clean up room with clean up pan, panning sinks, hand 
pans, mortars, etc. Amalgam to be retorted; mercury to be used over in the 
mill; concentrates to (26) ; coarse sand back to (17) ; scrap iron to waste. 

26. From (11), (12), (13), (14), (15), (21), (23), (24), (25). Concen- 
trates bins. By wagon and railroad to smelter. 

27. From (16), (21), (23), (24). Tailings launder to waste. 

Water is brought by a flume. A belt driven pump with two plungers 8X8 
inches, making 37-| strokes per minute, lifts part of the water from the flume 
back of the jig floor to a tank 7 feet above the trommel floor. Power is furnished 
by a Leffel turbine wheel. One hundred tons of ore yield 30 tons of concentrates. 

This mill has recently been enlarged and remodelled. Wilfley tables are used 
and no vanners. 

(t;) MILLS USING MAGNETISM AS THE CHIEF OR ONLY MEANS OF SEPARATING 
THE VALUABLE MINERALS FROM THE WASTE. 

§ 768. This group includes Mills 89 to 91 inclusive and the Joseph Wharton 
and Witherbee Sherman mills. Mill 89 uses breaker, drier, breakers, rolls and 
magnets, and auxiliary rolls on middlings which go back into the system. Mill 

90 uses breaker, rolls, magnets, and sends middlings back into the system. Mill 

91 uses several grades of rolls followed by drier, fine rolls and magnets ; the con- 
centrates go to a second drier, finest rolls, magnets and air blast. The Joseph 
Wharton mill has breaker, rolls and magnets; the middlings are recrushed and 
sent back into the system. The Witherbee Sherman mill uses breaker, drier, 
rolls and magnets; middlings are re-treated by rolls and magnets; tailings are 
worked for apatite. 

Magnetic concentration possesses all the advantages of economy which are 
held by any concentration with the addition that it can be done dry and it is 
independent of gravity. 

The disadvantages of magnetic concentration are that the fine crushing 
required before separation is costlv, the concentration of the fine dust produced is 
difficult, and the fine iron concentrates are of a low value per ton compared to 
other metals, and, when fine, are not favored hv furnace men as they are blown 
out of the blast furnace. There is to be considered also the cost of drying the 
ore before concentration and in general of roasting it where it is not already mag- 
netic, and also the losses which take place in concentration. 

The use of fine concentrates has been the subject of much discussion and some 
furnace men claim that while fine ore may give trouble, tests show that the same 
difficulty does not exist with fine high-grade concentrates. Others claim that 
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tests show that fine concentrates cannot be run unless they are mixed in with 
coarser material. Briquetting has been used to some extent to obviate this but 
it adds another item to the expense and the briquettes have not always success- 
fully stood the blast furnace treatment owing to failure of the cementing material. 
A run with the briquettes made in Mill 91 was very successful. Blast furnace 
men have solved the problem for ore and are now running regular furnace charges 
of Lake Superior ore which is all below 8 mesh in size. 

Fine crushing is necessary since either the iron ore or the impurity to be elim- 
inated is, in the majority of cases, finely disseminated. Generally where mag- 
netite has been separated the gangue was very hard and as a rule the more finely 
the ore grains were disseminated the harder the rock^ so that the crushing was no 
small item of expense. 

The disadvantage of drying the ore has been overcome in some cases by the use 
of separators which treat it wet. Some authorities claim that this wet treatment 
not only saves drying but it also reduces wear, prevents dust and produces under 
the same circumstances purer concentrates than is possible dry. Others claim 
that the dry method does better work, that there is no trouble from freezing of 
water in winter, and that dry ore is more easily sized into the fine sizes, which 
make a much better magnetic separation than unsized stuff. 

The loss in the tailings has been one of the greatest -drawbacks to magnetic con- 
centration. In instances that have been given of the work of the various sep- 
arators it has been no unusual thing for the tailings to contain as high as 10% or 
even 15% of iron, depending upon the richness of the concentrates. This loss 
may in some cases be due to imperfections in the magnetic separator, but there 
are separators which when properly fed and cared for will do their work satis- 
factorily. The most of the loss is of iron that is in included grains or that is 
not sufficiently magnetic to go with the concentrates. Thus in concentrating 
magnetite, any hematite or limonite goes with the tailings. Various other min- 
erals, such as hornblende, contain iron which is carried into the tailings. Where 
roasting is practiced, particles which have failed to be changed go into the tail- 
ings. Of these losses that due to included grains might be lessened by recrush- 
ing, but this cannot be economically done in every case since the process will not 
pay for recrushing of middlings and finer crushing at first causes greater ex- 
pense and possibly more loss in slimes or dust. 

Magnetic concentration at the present day has only a limited application. 
For ores that contain no other valuable mineral besides iron, its cost limits its 
use. The opening up of large iron ore deposits of Lake Superior which arc so 
extensive, so rich, and so easily worked has caused the price of iron ores to sink 
so low that many of those which have to be concentrated magnetically cannot 
compete. As a consequence some of the plants which wore treating magnetite 
in New York and New Jersey five or ten years ago have boon obligc'd to suspemd 
operations. Whether the field for magnetic concentration will increased 
when these deposits at Lake Superior are exhausted is one of the qiu^stions of the 
future. There are always liable to arise peculiar circumstances whieli will make 
magnetic treatment desirable. 

The particular process to be used in any case will vary with the ore. For 
natural ma^etites a plant like the Joseph Wliarton mill or tlie Witherhee 
Sherman mill may be successful. For hematites and limonitos the Wetherill 
process would seem to commend itself as having the advantage of sirnplicitv and 
of being cheaper than the roasting process, but the results so far obtained on iron 
ores are merely short tests and no working plants have been erected with which 
to prove its efficiency for iron ores when working on a commercial scale. The 
roasting process to reduce hematites and limonites to magnetic oxide has already 
shown its applicability, and it may be used in ease the Wetherill process does not 
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give satisfactory results, although it costs more and is hard to control. On 
some ores, for example certain pyrite and blende ores, the roasting process has 
to be used. 

Por ores which contain other valuable minerals beside iron, magnetic con- 
oentration has its greatest application to-day, since in this case the value of the 
other minerals helps make the operation a commercial success. 

§ 769. Mill No. 89. Hartzell Concentrating Company, Alburtis, Penn- 
sylvania. — Capacity 125 tons in 10 hours. The mill runs 10 hours per day, 6 
days per week. The ore consists of the economic mineral magnetite, mostly in 
disseminated grains of ^ inch diameter or less, and a siliceous gangue with no 
phosphorus or sulphur. The problem is to get a high grade of iron ore with the 
least possible loss. The ore is brought from the mine in cars, each holding one 
ton, and dumped upon (1). 

1. A receiving floor 30 feet long and 15 feet wide. By shovel to (2). 

2. One No. 1 Blake breaker, made by Brennan & Young, 12 X 24 inches, 

crushing to 2 inches. To (3). 

3. A revolving drier. To (4). * _ 

4. One No. 2 Blake breaker, made by Brennan & Young, 12 X 24 inches, 

crushing to 1 inch. To (5). 

5. Two No. 3 Blake breakers, 9 X 17 inches, crushing to f inch. By No. 1 
bucket elevator to ( 6 ) . 

6. One No. 1 trommel with 25-mm. round holes. Oversize to (7) ; undersize 
to (8). 

7. One No. 4 breaker, a Lowry breaker, crushing to f inch. To (8) . 

8. From (6) and (7). One pair of No. 1 rolls, 30 X 18 inches, set close to- 
gether. To (9). 

9. Prom (8), (11) and (14). One No. 2 bucket elevator, to (10). 

10. Pour No. 2 trommels with 2.1-mm. round holes. Oversize to (11) ; under- 
size to (13). 

11. Two pairs of No. 2 rolls, 30 X 18 inches, set close together. To (9). 

12. From (10). A bin with hopper bottom, holding 50 tons. By gate and 
chute to (13). 

13. One Ball Norton magnetic separator. Heads by belt conveyor to ear to go 
to blast furnace ; middlings to (14) ; tailings by belt conveyor to waste dump. 

14. One pair of No. 3 rolls, 30 X 18 inches, set close together. To (9). 

Power is furnished by three steam engines. One engine of 125 horse power 

runs the breakers ; one engine of 125 horse power runs the rolls, elevators, convey- 
ors, and suction fans ; one engine of 25 horse power runs the dynamo. There are 
two suction fans, one for the magnetic separator and one for the trommels and 
crushing machines, all of the apparatus after the drier (3) being housed in and 
attached to the fans for the removal of the dust. The dynamo is a 5,000-watt 
Thomson Houston of the low tension direct current type running with 110 volts 
and making 2,000 revolutions per minute. 

The ore contains 30% iron (Fe) ; the concentrates contain 65.5% iron; the 
tailings contain 2J to 3% iron. One hundred tons of ore yield 35 tons of con- 
centrates and 65 tons of tailings. 

The noticeable feature in this mill is the graded crushing without intermediate 
screening. There are six reductions in crushing the ore from mine size down to 
2.1 mm. 

§ 770. Mill No. 90. New Jersey Iron Mining Company, Port Oram. 
New Jersey. — The mill runs 10 hours per flay, 6 days per week. The ore con- 
sists of the economic mineral magnetite in strings or grains^ and a gangue of 
quartz with some finely disseminated apatite. The problem is to save the iron 
and eliminate the gangue, especially the phosphorus. Only lump ore larger than 
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tests show that fine concentrates cannot be run unless they are mixed in with 
coarser material. Briquetting has been used to some extent to obviate this but 
it adds another item to the expense and the briquettes have not always success^ 
fully stood the blast furnace treatment owing to failure of the cementing material. 
A run with the briquettes made in Mill 91 was very successful. Blast furnace 
men have solved the problem for ore and are now running regular furnace charges 
of Lake Superior ore which is all below 8 mesh in size. 

Fine crushing is necessary since either the iron ore or the impurity to be elim- 
inated is, in the majority of cases, finely disseminated. Generally where mag- 
netite has been separated the gangue was very hard and as a rule the more finely 
the ore grains were disseminated the harder the rock^ so that the crushing was no 
small item of expense. 

The disadvantage of drying the ore has been overcome in some cases by the use 
of separators which treat it wet. Some authorities claim that this wet treatment 
not only saves drying but it also reduces wear, prevents dust and produces under 
the same circumstances purer concentrates than is possible dry. Others claim 
that the dry method does better work, that there is no trouble from freezing of 
water in winter, and that dry ore is more easily sized into the fine sizes, which 
make a much better magnetic separation than unsized stuff. 

The loss in the tailings has been one of the greatest drawbacks to magnetic con- 
centration. In instances that have been given of the work of the various sep- 
arators it has been no unusual thing for the tailings to contain as high as 10% or 
even 15% of iron, depending upon the richness of the concentrates. This loss 
may in some cases be due to imperfections in the magnetic separator, but there 
are separators which when properly fed and cared for will do their work satis- 
factorily. The most of the loss is of iron that is in included grains or that is 
not suflSciently magnetic to go with the concentrates. Thus in concentrating 
magnetite, any hematite or limonite goes with the tailings. Various other min- 
erals, such as hornblende, contain iron which is carried into the tailings. Where 
roasting is practiced, particles which have failed to be changed go into the tail- 
ings. Of these losses that due to included grains might be lessened by recrush- 
ing, but this cannot be economically done in every case since the process will not 
pay for recrushing of middlings and finer crushing at first causes greater ex- 
pense and possibly more loss in slimes or dust. 

Magnetic concentration at the present day has only a limited application. 
For ores that contain no other valuable mineral besides iron, its cost limits its 
use. The opening up of large iron ore deposits of Lake Superior whicli are so 
extensive, so rich, and so easily worked has caused the price of iron ores to sink 
so low that many of those which have to be concentrated magnetically cannot 
compete. As a consequence some of the plants which wore tn^ating inagnedito 
in New York and New Jersey five or ten years ago have ])eon ohligcal to susp(‘nd 
operations. Whether the field for magnetic concentration will l)(‘ increased 
when these deposits at Lake Superior are exhausted is one of t]i(‘ qu(\slions of the 
future. There are always liable to arise peculiar circumstances wliicli will make 
magnetic treatment desirable. 

The particular process to be used in any case will vary with th(‘ ore. For 
natural ma^etites a plant like the Joseph Wharton mill or tii(‘ Wilherhee 
Sherman mill may be successful. For hematites and limoniies the Wdherill 
process would seem to commend itself as having the advantagc‘ of simplicitv and 
of being cheaper than the roasting process, but the results so far o})tain(‘d on iron 
ores are merely short tests and no working plants have been erected with which 
to prove its efficiency for iron ores when working on a commercial scale. The 
roasting process to reduce hematites and limonites to magnetic oxide has already 
shown its applicability, and it may be used in ease the Wetherill process does not 
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give satisfactory results, although it costs more and is hard to control. On 
some ores, for example certain pyrite and blende ores, the roasting process has 
to be used. 

For ores which contain other valuable minerals beside iron, magnetic con- 
oentration has its greatest application to-day, since in this case the value of the 
other minerals helps make the operation a commercial success. 

§ 769. Mill No, 89. Hartzell Concentrating Company, Alburtis, Penn- 
sylvania. — Capacity 125 tons in 10 hours. The mill runs 10 hours per day, 6 
days per week. The ore consists of the economic mineral magnetite, mostly in 
disseminated grains of ^ inch diameter or less, and a siliceous gangue with no 
phosphorus or sulphur. The problem is to get a high grade of iron ore with the 
least possible loss. The ore is brought from the mine in ears, each holding one 
ton, and dumped upon (1). 

1. A receiving floor 30 feet long and 15 feet wide. By shovel to (2). 

2. One ^^*0. 1 Blake breaker, made by Brennan & Young, 12 X 24 inches, 
crushing to 2 inches. To (3). 

3. A revolving drier. To (4). 

4. One No. 2 Blake breaker, made by Brennan & Young, 12 X 24 inches, 
crushing to 1 inch. To (5). 

5. Two No. 3 Blake breakers, 9 X 17 inches, crushing to | inch. By No. 1 
bucket elevator to (6). 

6. One No. 1 trommel with 25-mm. round holes. Oversize to (7) : undersize 
to (8). 

7. One No. 4 breaker, a Lowry breaker, crushing to J inch. To (8). 

8. From (6) and (7). One pair of No. 1 rolls, 30 X 18 inches, set close to- 
gether. To (9). 

9. From (8), (11) and (14). One No. 2 bucket elevator, to (10). 

10. Four No. 2 trommels with 2.1-mm. round holes. Oversize to (11) ; under- 
size to (12). 

11. Two pairs of No. 2 rolls, 30 X 18 inches, set close together. To (9). 

12. From (10). A bin with hopper bottom, holding 50 tons. By gate and 
chute to (13). 

13. One Ball Norton magnetic separator. Heads by belt conveyor to car to go 
to blast furnace ; middlings to (14) ; tailings by belt conveyor to waste dump. 

14. One pair of No. 3 rolls, 30 X 18 inches, set close together. To (9). 

Power is furnished by three steam engines. One engine of 125 horse power 

runs the breakers ; one engine of 125 horse power runs the rolls, elevators, convey- 
ors, and suction fans ; one engine of 25 horse power runs the dynamo. There are 
two suction fans, one for the magnetic separator and one for the trommels and 
crushing machines, all of the apparatus after the drier (3) being housed in and 
attached to the fans for tlic removal of the dust. The dynamo is a 5,000-watt 
Thomson Houston of the low tension direct current type running with 110 volts 
and making 2,000 revolutions per minute. 

The ore contains 30% iron ( Pe) ; the concentrates contain 65.5% iron; the 
tailings contain 21 to 3% iron. One hundred tons of ore vield 35 tons of con- 
centrates and 65 tons of tailings. 

The noticeable feature in this mill is the graded crushing without intermediate 
screening. There are six reductions in crushing the ore from mine size down to 
2.1 mm. 

§ 770. Mill No. 90. New Jersey Iron Mining Company, Port Oram. 
New Jersey. — The mill runs 10 hours per Tlay, 6 days per week. The ore con- 
sists of the economic mineral magnetite in strings or grains and a gangue of 
quartz with some finely disseminated apatite. The problem is to save the iron 
and eliminate the gangue, especially the phosphorus. Only lump ore larger than 
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one-inch cube i& used as this saves the cost of drying. The ore is brought in 
cars holding 4,000 pounds, dumped upon a platform 10 feet square, and shoveled 

L^One No. 1 Buchanan breaker, 9 X 15 inches, crushing to 1^ inches. To (2). 

2. One No. 1 trommel with 19-mm. round holes. Oversize to (3) ; undersize 

3^. One No. 2 breaker, a Buchanan granulator, 3 X 30 inches, crushing to f 
inch. To (4). 

4. From (2) and (3). A belt conveyor, to (5). 

5. From (4) and (7). One pair of No. 1 rolls, 24 X 14 inches, set J to f inch 
apart. To (6). 

6. From (5) and (8). One pair of No. 2 rolls, 18 X 12 inches, set close to- 
gether. By No. 1 bucket elevator to (7). 

7. One No. 2 trommel on which the screens are changed to suit different ores. 
The holes vary from 20-mesh square holes to 6.4-mm. round holes. Oversize to 
(5) ; undersize to (8). 

8. A modified Buchanan magnetic separator. Heads to blast furnace; tail- 
ings partly to ( 6 ) and partly to waste dump. 

The labor required is 4 men per 10 hours : 1 foreman, 1 breaker man, and 2 
trommel men. Wages vary from $1.10 to $1.25 per day. Board costs $17 per 
month, coal is $2 per ton and wood is $3.25 per cord. 

Power is furnished by two steam engines ; one 75 horse power engine drives the 
breakers and trommels, and one 10 horse power engine drives the dynamo. 

The ore contains about 25% iron (Fe) and 1% phosphorus (P) ; the concen- 
trates contain about 61% iron and from 0.3% phosphorus down to the Bessemer 
limit (about 0‘.045%) ; the tailings contain 11 to 17% iron. 

§ 771. Mill No. 91. Edison Magnetic Concentkating Plant, New Jer- 
sey AND Pennsylvania Concentrating Company, Edison, New Jersey. — 
Capacity 4,000 tons in 20 hours.* This mill was intended to nin 20 hours per 
d'ay, 6 days per week. The ore consists of the economic mineral magnetite and a 
gangue of feldspar with a little quartz and apatite. The problem is to save the 
iron as free from phosphorus as possible. The ore is mined in an open quarry 
and contains lumps weighing up to 5 tons each. It is loaded by steam shovel 
upon skips holding 6J tons each, which are hauled to the mill on cars by loco- 
motive. The skips, which are of the open flat form used in quarry work and are 
suspended by two chains and hooks at the front end and one chain, and hook m 
the rear, are lifted at the mill by two electric travelling cranes and then by 
unhooking the two front hooks they are dumped to ( 1 ) . 

Coarse Crushing House. 

1. One No. 1 roller feeder. 3 feet diameter and 6 feet long. To hopper 6 feet 
square and thence to (2). 

2. One pair of No. 1 or giant rolls, 72 X 72 inches, set lA inches apart. To 
(3). 

3. One pair of No. 2 or intermediate rolls, 48 X 60 inches, set 7 inches apart. 
By No. 1 bucket elevator to (4). 

4. One pair of No. 3 or first corrugated roll^, 36 X 36 inches, set 3! inches 
apart. To (5). 

5. One pair of No. 4 or second corrugated rolls, 36 X 36 inches, set 11 inches 
apart. To (6). 

6. One pair of No. 5 or third corrugated rolls, 24 X 20 inches, sot 4 inch apart. 
By No. 1 belt conveyor and thence by No. 2 bucket elevato r to (7). 

* It has run as high as 300 tons per hour 
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7. Three 1 fixed screens in series, the upper one having 37 X 76-niin. slots 
and the middle and lower ones having 32 X 64-mni. slots. Oversize (bolts, roots, 
hammer heads, etc.) to dump ; undersize to (8). 

8. One No. 1 drier in the form of a drying kiln with a distributor at the top. 
By No. 2 belt conveyor and thence by No. 3 bucket elevator followed' by No. 3 
Edison distributing conyeyor to (9). 

9. No. 1 stock house holding 16,000 tons. By No. 4 bucket conveyor to (10). 

Fine Crushing and Separating House. 

10. Bin, holding 25 tons. By tw’o No. 2 corrugated roller feeders to (11). 

11. Prom (10) and (12). Two sets of No. 6 or three-high rolls, 36 X 30 
inches, set close together, but the feed opens them to about 1-J inches. Only one 
set is run at a time. The crushed ore is carried in succession by two No. 5 belt 
conveyors, one No. 6 bucket conveyor, one No. 5 bucket elevator, one No. 7 
Edison distributing conveyor and twenty No. 3 roller feeders to (12). 

12. Two hundred and forty No. 2 fixed inclined screens arranged in sixty sets 
with four screens in series in each set, having 1.5 X 12.7-mm. slots. Oversize to 
(11) ; undersize to (13). 

13. Sixty No. 1 Edison ma^etie separators. These are 12-inch magnets and 
are arranged in twenty sets with three magnets in series in each set. Heads by 
two No. 8 belt conveyors to (14) ; tailings by No. 9 belt conveyor to .(22). 

14. One No. 2 drier in the form of a drying kiln with a distributor at the 
top. To (15). 

15. Prom (14), (16) and (19). Two sets of No. 7 or three-high rolls, 36 X 
30 inches, set close together but the feed opens them to about inch. Only one 
set is run at a time. The crushed ore is carried in succession by two No. 10 
belt conveyors, one No. 11 bucket conveyor, one No. 6 bucket elevator, one No. 12 
Edison distributing conveyor and twenty No. 4 roller feeders to (16). 

16. Two hundred and forty No. 3 fixed inclined screens arranged in sixty set? 
with four screens in series in each set, having 0.5 X 12.7-mm. slots. Oversize to 
(15) ; undersize to (17). 

17. Ninety-six No. 2 Edison magnetic separators. They are 8-inch magnets 
and they are arranged in thirty-two sets with three magnets in series in each 
set. Heads to (18) ; tailings to (22). 

18. Eight dusting chambers. Heavy material to (19) ; light material to 

(30). 

19. Three hundred and twenty No. 3 Edison magnetic separators. They are 
4-inch magnets and they are arranged in sixty-four sets with five in scries in each 
set. Heads to (21) ; tailings of 1st or upper magnets to (22) ; tailings of 2d, 
3d, 4th and 5th magnets to (15). 

20. Prom (18). One No. 4 Edison magnetic separator. Heads to (21); 
tailings are sold for paint. 

21. Prom (19) and (20). No. 2 and' No. 3 stock houses with a total capacity 
of 35,000 tons. From these the concentrates pass in succession through the mix- 
ers, the briquetting machines and the baking ovens. 

22. Prom (13), (17) and (19). Sand house. Tailings are hero sized and 
sold for mortar sand, etc. 

The labor required for mining, milling and briquetting is 311 men per 24 
hours divided into two shifts of 10 hours each; 46 men and boys mining by day 
and 46 by night ; 24 men by day and 24 by night in the coarse crushing house, 
32 men by day and 32 by night in the fine crushing and' separating house and 66 
men by day and 41 by night doing general work. 

Power is furnished by steam. A single Corliss engine of 300 horse power 
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Tins the dynamos for the magnets, for lighting, and for the two electric cranes 
vhich require 50 to 80 horse power each. A cross compound engine of 700 horse 
)ower runs the coarse crushing plant. A triple expansion vertical engine of 
>00 horse power runs the three-high rolls, elevators, conveyors, and fans of the 
Ine crushing and separating plant. 

The ore contains about 20% iron (Fe) and 0.70 to 0.80% phosphorus (P) ; 
he heads of "NTo. 1 magnets (13) contain 40% iron and the tailings 0.8% iron; 
he heads of No. 2 magnets (17) contain 60% iron; the heads from the dusting 
hambers (18) contain 64% iron; the heads of No. 3 magnets (19) contain 67 
0 68% iron; the mill tailings contain 1.12% iron. Analysis of the briquettes 
hows 67 to 68% iron, 2 to 3% silica (Si02), 0.4 to 0.8% alumina (AlgOg), 0.05 
0 0.10%' manganese, a trace each of lime, magnesia and sulphur, 0.028 to 0.033% 
)hosphorus, 0.75% resinous binder and no moisture. One hundred tons of ore 
held about 24 tons of concentrates and 76 tons of tailings. The tailings of No. 

L magnets (13) amount to 55% of the ore fed to the mill. 

One especially noticeable feature of this mill is the entire absence of graded 
Tushing and graded sizing. This is allowable because fines are not considered a 
ource of loss in the magnetic separation. This mill contains so many valuable 
deas that the author has thought it wise to insert it here although it has never 
)een run except very irregularly in an experimental way. Mr. Edison encoun- 
ered between the time of the design of the mill and the time of its completion 
t drop in the price of iron ore due to the discovery of the Mesabi iron ore beds at 
Jake Superior and the mill now has to face the changed conditions. 

§ 772. The Joseph Wharton Mining Company, Hibernia, New Jersey. — 
lapaeity 200 tons in 10 hours. The mill runs 10 hours per day, 6 days per week. 
The ore coDsists of the economic mineral magnetite, and a gangue of granite. 
The problem is to save the iron. The ore comes in cars to the mill in lumps 12 
nches and less in diameter and goes to (1). 

1. Four No. 1 bins holding 50 tons each. By chutes to skip which lifts to 
^2). 

2. No. 2 or supply bins holding 600 tons. By chutes to (3). 

3. One No. 1 breaker, a Buchanan breaker, 12 X 24 inches, crushing to 2-J 
nches. By No. 1 belt conveyor to (4). 

4. Two No. 1 trommels with IJ-inch holes. Oversize to (5) ; undersize to 

5. Two No. 2 breakers, Buchanan granulators, 6 X 30 inches, crushing to 14 
nches. To (6). 

6. From (4) and (5). No. 2 belt conveyor. By No. 1 elevator to (7). 

7. One grizzly with 1-inch spaces. Oversize to (9) ; undersize to (8). 

8. One No. 2 trommel with i-inch holes. Oversize to (9) ; undersize to (13). 

9. From (7) and (8). One pair of No. 1 rolls, 36 X 18 inches, sot 4 inch 
part. To (10). 

10. From (9) and (12). No. 2 elevator. To (11). 

11. One No. 3 trommel with ^-inch holes. Oversize to (12) ; undersize to (13) . 

12. One pair of No. 2 rolls, 36 X 18 inches, set close together. To (10). 

13. From (8), (11) and (15). No. 3 bin. By chute to (14). 

14. One Ball Norton magnetic separator. Heads by No. 3 conveyor and No. 

• elevator to shipping bins and cars ; middlings by No. 3 elevator to (15) ; tailings 
ly No. 4 conveyor and No. 6 elevator either to shipping car or to No. 5 and No.'^fi 
onveyors which deliver to waste; dust by fan to dust chamber of which the sel- 
lings go to No. 4 conveyor. 

15. One pair of No. 3 rolls, 24 X 16 inches, set close together. Bv No 4 
levator to (13). 

The power used is 130 horse power, divided up about as follows: hoisting 
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engine, 10; No. 1 breaker, 15; No. 2 breakers, 12; No. 1 rolls, 10; No. 2 rolls, 
15 ; No. 3 rolls, 10 ; screens, conveyors and elevators, 30 ; dynamo and separator, 
8; mill friction, 20. 

Crude ore from the mine averages 38 to 40% iron, 0.04% phosphorus and no 
sulphur ; the concentrates, 63 to 64% iron and 0.008% phosphorus; the middlings, 
40% iron; the tailings, 5 to 6% iron. One hundred tons of ore yield 40 tons oi 
concentrates, 20 tons of middlings and 40 tons of tailings. The 20 tons of 
middlings after being recrushed and separated yield 10 tons of concentrates and 
10 tons of tailings. The mill saves 81% of the iron. 

§ 773. Old Bed Magnetic Concentrating Mill No. 1 of Witherbee, Sher- 
man AND Company, Mineville, New York. — Capacity 500 tons per 20 hours. 
The mill runs 20 hours per day, 6 days per week. The ore consists of the eco- 
nomic mineral magnetite and a gangue of apatite and hornblende. The problem 
is to make throe products: (a) magnetite to blast furnace, (6) apatite to be 
sold as fertilizer, and (c) hornblende to waste. The ore is brought in cars to (1). 

1. A grizzly with 2J-ineh spaces. Oversize to (2) ; undersize to (3). 

2. One No. 1 Blake breaker, 18 X 30 inches. To (3). 

3. From (1) and (2). No. 1 Eobins belt conveyor, 20 inches wide, sloping up 
18°. By No. 2 Robins belt conveyor, 20 inches wide and level, to (4). 

4. Two sets of No. 1 fixed inclined screens with six screens in series in each set 
and having 19-mm. round holes. Oversize to (5) ; undersize to (6). 

5. Two No. 2 breakers. Gates fine breakers, size H. To (6). 

6. Prom (4) and (5). No. 3 Eobins belt conveyor, 16 inches wide and sloping 
up 18°. By No. 1 bucket elevator to (7). 

7. A tower drier. By No. 2 bucket elevator to (8). 

8. T]m\^ sets of No. 2 fixed inclined screens with six screens in series in each sel 
and having 6-incsh holes. Oversize to (9) ; undersize to (10). 

9. One pair of No. 1 rolls, 36 X 14 inches. To (10). 

10. From (8) and (9). No. 4 Eobins belt conveyor. 16 inches wide. Tc 

( 11 ). 

11. From (10) and (16). No. 3 bucket elevator, to (12). 

12. Three sc'ls of No. 3 fixed inclined screens with six screens in series in eacl 
sot and having ;J0-nies]i holes. Oversize to (13) ; undersize to (17). 

13. ''I'hree s(‘ts of No. 4 fixed inclined screens with six screens in series in cacl 
set and having Ifi-niesh holes. Oversize to (H) ; undersize to (17). 

14. Tiiree sets of No. 5 fixed inclined screens with six screens in series in eacl 
set and having 8-rnesli holes. Oversize to (15) ; undersize to (17). 

If). Tliree sets of No. 6 fixed inclined screens with six s(Te<‘ns in s(‘rios in eacl 
set and having 4-inesh holes. Oversize to (16) ; undersize to (17). 

1(>. ()n(' pair of No. 2 rolls, 36 X M inches. By No. 5 lh)bins belt conveyor. If 
inch(‘s wid(‘ and sloping up 10°, to (11). 

17. From (12), (13), (14), (15). Four hin^ for the four producis of th( 
screens. fi''h(‘ bins deliver to (18). 

18. Two douhh* Kowand typ(' F magnetic* separators. Heads by No. 6 Robin 
belt conv(‘yor and No. -1 bucket elevator to (24) ; tailings by No. 7 Robins belt con 
V(‘vor and No. 5 bucked, idc'vator to (19). 

*1!). FroTn (18) and (21). One No. 8 Robins l)(‘ll conveyor, io (20). 

20. Om* s(4 of No. 7 fixc'd in(*lin(‘d sctcmuis wilh hix scrcMui^ in sc'rics and havin‘ 
l(;-iyi(‘hh hol(‘s. OvcTsize to (21) ; umhu-size to (22). 

21. ()n(‘ pair of No. 3 rolls, 30 X 14 inches. By No. 6 1)U(4<('I ('h'valor io (19) 

22. From (20). A Wemstrom magnetic* separator, llc'ads by No. 9 Robin 
belt conveyor io (24) ; tailings by No. 10 Robins belt eonvewor to (23). 

23. A Rowand type F magncdic separator. Hc^ads (bornhlcmde) by No. 1 
Eobins belt conveyor to waste; tailings ( apatite') to marked. 
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24. From (18) and (22). One No. 12 Eobins belt conveyor for concentrates. 
To bin holding 100 tons. 

The ore contains 60% iron and 1.60% phosphorus. The iron concentrates con- 
tain 69% iron and 0.48% phosphorus. The tailings from the hrst magnetic 
separators contain 16% iron. The apatite from the last magnetic separator 
contains 13% phosphorus and 2J to 4% iron. One hundred tons of ore yield 
about 83 tons of iron concentrates. 

(w) MAGNETIC COMBINATION MILLS. 

§ 774. This group includes Mills 92 and! 93 and the plant at Monteponi, Sar- 
dinia. These mills combine magnets with other systems as main or subordinate 
means of separation. Mill 92 uses breakers, picking table for waste garnet, 
rolls, drier, screens and magnets for valuable franklinite, and on tailings of these 
magnets uses jigs for valuable calamine and zincite. Mill 93 uses breaker, rolls, 
and log washer for waste clay, screens and jigs for lead concentrates and zinc 
iron middlings, and calcining furnace and magnets to remove iron from the zinc. 
The Monteponi plant is put in here to illustrate foreign practice. It uses 
breakers, rolls, screens, classifiers, and jigs to save the zinc as far as possible and 
then adds to this roasting furnaces and magnets for the recovery of the zinc from 
the ferruginous ores ; fines are treated' by classifiers, fine jigs, and Ferraris tables. 

§ 776. Mill No. 92.* Wetherill Magnetic Concentrating Plant, Ster- 
ling Iron and Zinc Company, Franklin Furnace, New Jersey. — Capacity 
200 tons in 24 hours. The mills runs 24 hours per day, 6 days per week. The 
ore consists of the economic minerals franklinite, willemite, fowlerite, zincite, 
and tephroite, and a gangue of quartz, calcite, garnet, mica and graphite. The 
problem is to separate the material into three classes: (a) franklinite, fowlerite, 
and tephroite for the zinc oxide furnaces and the residue then to the spiogcl fur- 
nace; (h) willemite and zincite to the spelter furnace; (r) remainder to waste. 
The treatment is first to remove franklinite, fowlerite, tephroite and garnet by 
hand picking and powerful magnets the garnet being separated from the other 
three minerals by variation in the power of the magnets composing the machine; 
second to jig the willemite and zincite from the calcite, quartz and mica. The 
ore is hoisted in ears holding 5,600 pounds and run on a transfer car 60 feet to 
(^)- 

1. Two grizzlies with 1^-inch spaces. Oversize to (2) ; undersize to (2). 

2. Four No. 1 bins, two for coarse and two for fine, holding 125 tons encli, 
with bottoms sloping 30 . Coarse ore by gates to cars cind thcTice by inclined 
hoist to (3) ; fine ore by gates to cars and thence by inclined hoist to (6) . 

3. Eeceiving floor., 14 X 154 feet, with capacity of storing 50 Ions of ore. Ry 

shovel to (4). * * 

4. One No. 1 Blake breaker, 15 X 30 inches, crushing to 4 inches. To (5). 

5. One No. 1 trommel for coarse ore with 12.7-mm. square holes. Oversize to 
(8) ; undersize by No. 1 Robins belt conveyor to (10). 

6. ^ From^(2). No. 1 drier consisting of six chutes 20 feet long. 15 iiu-hcs wide, 
sloping 30°, made of cast iron plates, heated by furnace flues helow. The ore 
‘Stream is 6 inches deep and is moved down ihe chutes by endle^^ chain scrapers 
moving 64 feci per minute. By No. 1 bucket elevator to (7). 

7. Two No. 1 trommels for fine ore with 12.7-mm. squan* hob's. Ovc'rsize to 
(8) : undersize to (10). 

8 From (5) and (7). One picking table in the form of a chain plalc conveyor 
divided bv fins into three longitu dinal parts. Center part conlaining pieki'd 

find xTx referred to as No 92 throughout the book exceptTn Chapters IX , X , XTTI XVI^ 
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v\raste, comprising tephroite, fowlerite, garnet, and calcite, to dump; two sid 
parts to (i)). 

9. One No. 2 Blake breaker, 6 X 20 inches duplex, crushing to | inch. T 

( 10 ). 

10. From (5), (7) and (9). Three No. 2 trommels with 6.4-mm. squar 
holes. Oversize to (11) ; undersize to (12). 

11. Two pairs of No. 1 rolls, 30 X 15 inches, set close together. To ( 12 ). 

12. From (10) and (11). Four No. 3 trommels with 1.5-mm. square holes 
Oversize to (13) ; undersize to (14). 

13. Two pairs of No. 2 rolls, 24 X 16 inches, set close together. To (14). 

14. From (12), (13) and (17). One No. 2 bucket elevator. To (15). 

15. Six No. 4 trommels with 1.5-mm. square holes. Oversize to (16) ; undei 
size to (18). 

16. One No. 9 trommel with 6.4-mm. square holes. Oversize (nails, sticks 
and a little ore) allowed to accumulate to be treated later; undersize to (17). 

17. One pair of No. 3 rolls, 24 X 16 inches, set close together. To (14). 

18. From (15). Six No. 1, or 1st rough, Wetherill parallel magnetic separal 
ors. Heads (franklinite) to (34) ; tailings by six No. 2 Eobins belt conveyor 
to (19). 

19. Six No. 2 bins or circular tanks, 8 feet high, 6J feet diameter at top an 
7 feet diameter at bottom, outside dimensions. To (20). 

20. Six Nc. 2, or 2(1 rough, Wetherill horizontal magnetic separators. Head 
(franklinite) by two No. 3 Eobins belt conveyors to (34) ; tailings by four No. 
Eobins belt conveyors and two No. 3 bucket elevators to (21). 

21. Two No. 5 trommels with 0.85-mm. square holes. Oversize to (26) vi 
(25) ; undersize to (22). 

22. Two No. 6 trommels with 0.75-mm. square holes. Oversize to (27) vi 
(25) ; und'ersize to (23). 

23. Two No. 7 trommels with 0.54-mm. square holes. Oversize to (28) vi 
(25) ; undersize to (24). 

24. Two No. 8 trommels with 50-mesh square holes. Oversize to (29) vi 
(25) ; undersize to (30) via (25). 

25. From (21), (22), (23), (24), (33). Ten No. 3 bins or circular tank 
5 foot high, 41 feet diameter at bottom and 3 feet 10 inches diameter at to 
oiitsido dirnonsions. Each pair receives a trommel product and they deliv( 
to (26), (27), (28), (29) and (30). 

26 From (21) via (25). Six No. 3 Wetherill horizontal magnetic separate 
arranged in two rows with three in series in each row. Heads of 1st and S 
magnets (clean franklinite) by No. 5 belt conveyors to (34) ; heads of T 
magnets (included grains of franklinite, willeniite, tephroite, and garnet) I 
No. 6 belt conveyors to (31) ; tailings of 1st magnets by No. 5 elevators to 
magnets; tailingvS of 2d magnets by No. 6 elevators to 3d magnets; tailings < 
3(1 magnets to (35). 

27. From (22) via (25). Six No. 4 W(dlH‘rill horizontal numnetie separate 

arranged in two rows with thnv in s(u*i(‘s in (‘ach row. Products like (2( 

except tailings of 3d magnet to (36). 

28. From (23) via (25). Six No. 5 Wetluu'ill horizontal magneiic* s(‘parato 

arranged in two rows with three in series in each row. Prodiuds like (2( 

excepi iailings of 3d magnet to (37). 

29. From (24) and (33) via (25). Six No. 6 Wetherill horizontal magnet 
separators arranged in two rows witli three in scries in ('ach row. Produc 
like (26) except lieads of 3d magnets (clean franklinite) by No. 5 belt conveyo 
to (31) and tailings of 3d' magnets to (38). 

30. From (24) and (33) via (25). Six No. 7 Wetherill inclined magnet 
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separators arranged in two sets with three in series in each set. Heads of all 
three magnets (clean franklinite) by No. 5 belt conveyors to (34) ; tailings 
of 3d magnet (clean willemite and zincite) wheeled to (43). 

31. From (26), (27), (28) and (32). Two pairs of No. 4 rolls, set close 
together. To (32). 

32. No. 1 vibrating screens with 30-mesh square holes. Oversize to (31) ; 
undersize to (33). 

33. No. 2 vibrating screens with 50-mesh square holes. Oversize by elevator 
to (29) via (25) ; undersize by elevator to (30) via (25). 

34. From (18), (20), (26), (27), (28), (29), (30). One No. 4 bucket 
elevator. By No. 7 belt conveyor to (43). 

35. From (26). Two No. 1 jigs. 4-sieve Harz jigs. 1st, 2d and 3d dis- 
charges (clean willemite) to (41) ; 4th (willemite, limestone, graphite and 
mica) returned to same jig; 1st, 2d and 3d hutches to (41) ; 4th returned to 
same jig; tailings to (44). 

36. From (27). Two No. 2 jigs. 4-sieve Harz jigs. Products like (35). 

37. From (28). Two No. 3 jigs. 3-sieve Harz jigs. 1st hutch (clean wille- 
mite and zincite) to (41) ; 2d to (41) or returned to same jig; 3d returned to 
same jig; tailings to (44). 

38. From (29). Two No. 4a jigs. 2-sieve Harz jigs. 1st hutch (clean 
zincite and willemite) to (41); 2d to (41) or returned to same jig; tailings 
to (39). 

39. Two No. 2 unwatering boxes. Spigot to (40) ; overflow to (45). 

40. Two No. 46 jigs. 2-sieve Harz jigs. 1st hutch to (41) or returned to 
same jig; 2d returned to same jig; tailings to (44). 

41. From (35), (36), (37), (38) and (40). One No. 7 platform elevator, 
fco (42). 

42. One No. 2 drier, like (6) except that it has no scrapers and only three 
chutes. By No. 8 bucket elevator to (43). 

43. From (30), (34) and (42). Seven No. 4 bins for concentrates, four being 
'or franklinite and three for willemite and zincite, each 14 feet long, 10-J- feet wide, 
ind 9J feet deep, with a capacity of 100 tons. The franklinite is shipped to fur- 
aaces to be worked for zinc oxide and spiegeleisen. The zincite and willemite go 
to the spelter furnace. 

44. From (35), (36), (37) and (40). Two No. 1 unwatering boxes. Spig- 
ots wheeled to waste dump; overflow to (45). 

45. From (39) and (44). Waste launder to creek. 

Power is furnished by two boilers 18 feet long, 66 inches diameter, with tubes 
inches diameter and running under a steam pressure of 100 pounds per 
square inch. One compound engine with cylinders 10 X 20 inches and 18 X 20 
nches, making 150 revolutions per minute, cutting off at stroke on the high 
Dressure cylinder and stroke on the low pressure, drives the crushing ma- 
chinery. One compound engine with cylinders 12X24 inches and 22X21 
nches, makinglSO revolutions per minute, cutting off at J^troko on the hiLdi 
pressure cylinder and stroke on the low pressure, drives th(‘ concentrating 
nachinery and the dynamos. There are two compound wound multipolar 25- 
5:ilowatt dynamos made by the Eddv Electric Manufacturing (''ornpany, each 
generating 480 amperes with 52 volts and used for the magnetic sej)arators 
ind electric lights in series or in parallel. 

The fine tailings of No. 7 separator (80) contain 2.5% iron, 5% manganese, 
ind 42 to 44% zinc. The coar<3e jig concentrates contain 1.5 to 2% iron and 
\ to 5% manganese. Owing to difference in friabilitv the coarse jig concentrates 
re willemite and the fine jig concentrates are zincite with some willemite. 
)nG hundred tons of ore yield about 56 tons of clean franklinite, 30 tons of wil- 
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lemite and zincite, and 14 tons of waste tailings. The ore in one particular run 
contained 31.09% of oxide of zinc (ZnO), 20.34% iron and 9.34% manganese: 
the franklinite concentrates contained 24.38% oxide of zinc, 35.50% iron and 
13.62% manganese; the willemite and zincite contained 60% oxide of zinc, 
1.50% iron and 6.10% manganese; the waste tailings contained 4% oxide of 
zinc. 

The concentrating part of this mill, beginning with No. 1 separators (18) is 
in two independent sections. Graded crushing and sizing to avoid fines is well 
illustrated in the crushing part of this mill. The duplex breaker (9) was 
installed to crush two grades of material from the picking belt separately if 
desired. The mill has been considerably changed during its process of develop- 
ment and an outline will therefore be given of its present arrangement. 

§ 776. Mill No. 92 in its Improved Form.* — (See Figs. 523^^ and 5236.) — ^The 
ore is dumped to ( 1 ) . 

1. Grizzly with 1^-inch spaces. Oversize to (2) ; undersize to (10). 

2. Eeceiving fioor. By shovel to (3). 

3. One No. 1 Blake breaker, 15 X 30 inches, crushing to 4 inches. To (4). 

4. One No. 1 fixed inclined screen with 25-mm. slots. Oversize and undersize 
to (5), the former being above the latter. 

5. From (4) and (10). A rubber picking belt. Waste rock to dump; residue 
to (6). 

6. One No. 2 Blake breaker, 6 X 20 inches duplex, crushing to J inch. To 

( 7 ). 

7. Two No. 1 trommels with 6.4-mm. square holes. Oversize to (8) ; undersize 
to (9). 

8. Two pairs of No. 1 rolls, 30 X 15 inches, set close together. To (9). 

9. From (7) and (8). One No. 1 bucket elevator. To (11). 

10. From (1). One No. 2 fixed inclined screen with 12.7-mm. holes. Over- 
size to (5) ; undersize by No. 1 bolt conveyor to (11). 

11. From (9) and (10). An Edison drier. By conveyor and chute to (12). 

12. Four No. 2 trommels with 2.2-mm. square holes. Oversize to (13) ; under- 
size to (14). 

13. Two pairs of No. 2 rolls, 24 X 16 inches, set close together. To (14). 

14. From (12) and (13). One No. 2 bucket elevator. To (15). 

15. Four No. 3 trommels for No. 2 rolls with 1.5-mm. square holes. Over- 
size to (16) ; undersize to (19). 

16. One No. 4 trommel with 25.4-mm. square holes. Oversize (sticks, etc.) 
to waste; undersize to (17). 

17. From (16) and (18). One pair of No. 3 rolls, 24 X 14 inches, set close 
together. By No. 3 bucket elevator to (18). 

18. Two No. 3 trommels for No. 3 rolls with 1.5-mm. square holes. Oversize 
to (17) ; undersize to (19). 

19. From (15) and (18). Four No. 2 rubk'r belt conveyors, followed by two 
No. 3 eonvevors to (20). 

20. Six No. 1 bins or circular tanks. To (21). 

21. Six No. 1 Wetherill rnngnetie separalors. rieads bv No. 4 conveyors airl 
No. 4 elevators to (38) ; tailings by No. 5 conveyors and No. 5 (devators io (22). 

22. Two No. 5 trommels with ().91-mm. hquare lioles. Oveu’size to (27) vi.i 
(26) ; undersize to (23). 

23. Two No. 6 trommels with 0.81-mm. square boles. Oversize to (28) via 
(26) ; undersize to (24 ). 

24. Two No. 7 trommels with 0.58-mm. square holes. Oversize to (29) via 
(26) ; undersize to (25). 

♦ This is thci mill that is referred to as No 92 in Chapters IX., X., XIII., XVI and XIX. 
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25. Two No. 8 trommels with 0.25-iimi. square holes. Oversize to (30) via 
(26) ; undersize to (31) via (26). 

26. From (22), (23), (24), (25). Ten No. 2 bins or circular tanks. Each 
pair receives a trommel product and they deliver to (27), (28), (29), (30) and 
(31). 

27. From (22) via (26). Six No. 2 Wetherill magnetic separators arranged 
in two rows with three in series in each row. Heads of all three magnets con- 
veyed to No. 4 conveyors and thence by No. 4 elevators to (38) ; tailings of 1st 
magnet elevated to 2d magnet; tailings of 2d magnet elevated to 3d magnet; tail- 
ings of 3d magnet to (32). 

28. From (23) via (26). Six No. 3 Wetherill magnetic separators arranged 
in two rows with three in series in each row. Products like (27) except tailings 
of 3d magnet to (33). 

29. From (24) via (26). Six No. 4 Wetherill magnetic separators arranged 
in two rows with three in series in each row. Product like (27) except tailings 
of 3d magnet to (34). 

30. From (25) via (26). Six No. 5 Wetherill magnetic separators arranged 
in two rows with three in series in each row. Products like (27) except tailings 
of 3d magnet to (35). 

31. From (25) via (26). Six No. 6 Wetherill magnetic separators arranged 
in two rows with three in series in each row. Products like (27) except tailings 
of 3d magnet are caught in a hopper and are conveyed to No. 6 elevator and 
thence to (40). 

32. From (27). Two No. 1 jigs. 4-sieve Harz jigs. 1st, 2d and 3d dis- 
charges to (39) ; 4th returned to same jig; 1st, 2d and 3d hutches to (39) ; 4th 
returned to same jig; tailings to (41). 

33. From (28). Two No. 2 jigs. 4-sieve Harz jigs. Products like (32). 

34. From (29). Two No. 3 jigs. 3-sieve Harz jigs. 1st and 2d discharges 
to (39) ; 3d returned to same jig; 1st and 2d hutches to (39) ; 3d: returned to 
same jig; tailings to (41). 

35. From (30). Two No. 4 jigs. 2-sieve Harz jigs. 1st hutch to (39) ; 2d 
to (39) or returned to same jig; tailings to (36). 

36. Two No. 2 un watering boxes. Spigot to (37) ; overflow to creek to waste. 

37. Two No. 5 jigs. 2-sieve Harz jigs. 1st hutch to (39) or returned to 
same jig; 2d returned to same jig; tailings to (41). 

38. From (21), (27), (28), (29). (30), (31). An elevating conveyor and 
bins for franklinite concentrates. To furnaces. 

39. From (32), (33), (34), (35), (37). Cars and elevator to No. 2 revolv- 
ing cylindrical drier and thence by No. 6 bucket elevator to (40). 

40. From (31) and (39). Two bins for willcinite and zincite concentrates. 
To furnaces. 

41. From (32), (33), (34), (37). No. 1 unwatering boxes. Spigots by 
cars and platform elevator to waste dump ; overflow waste to creek. 

One set of figures of the work done is as follows: 



Percent 
of Total 
Weight. 

Analysis. 

Iron. 

Manganese 

Zinc 

Ore j 

' 1 




Franklinite concentrates 

Zincite and willemite concentrates. . . . 
Tailings 

21) 47 
2.20 

IS 57 

5 15 

22 0^1 
48.90 
4.19 




This is better work than that done by the mill as originally started. Tlicre is 
about 5% iron and manganese together in pure willemito and zincite concen- 
trates. 
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§ 777. A Second Mill has been erected by this company with a capacity c 
1,400 tons in 24 hours (really 20 hours actual work). The general process hi 
not varied but the method of crushing has been changed and also the method c 
sizing so that a saving in cost of something over $0.10 per ton treated has bee 
effected. The ore is dumped to (1). 

1. One pair of No. 1 or Edison^s giant rolls, 60 X 36 inches. To (2). 

2. One pair of No. 2 or corrugated rolls, 36 inches diameter. By No. 1 Kobii 
belt conveyor to (3). 

3. One pair of No. 3 or smooth rolls, 24 inches diameter. By No. 2 Eobii 
belt conveyor and No. 1 bucket elevator to (4). 

4. No. 1 Edison fixed inclined screens with 12.7-mm. slots. Oversize (stick 
etc.) to waste; undersize to (5). 

5. An Edison drier. To (6). 

6. From (5) and (7). Two pairs of No. 4 rolls, 36 inches diameter. B 
No. 2 bucket elevator to (7). 

7. No. 2 Edison fixed inclined screens with No. 10 slots. Oversize to (6) 
undersize by No. 3 Eobins belt conveyor to (8). 

8. Storage bins holding 8,000 tons. By one No. 4 Eobins belt conveyor fo 
lowed by two No. 5 Eobins belt conveyors to (9). 

9. Separating house made in two sections. This is practically the same as i 
the old mill except that trommels have been discarded for Edison fixed incline 
screens and the Eowand cross belt magnetic separators are used. These yiel 
cleaner products as they have removed the trouble caused by the tangling of noi 
magnetic particles with those that are magnetic. 

§ 778. Mill No. 93. Wythe Lead and Zinc Mine Company, Austinvill: 
Virginia. — Capacity 80 tons in 10 hours. The mill runs 10 hours per day, 
days per week. The ore consists of the economic minerals limonite, smithsonit 
willcmite and cerrusite, and a gangue of dolomite and quartz. The problem is i 
save the lead, zinc and iron separately. The ore is soft and is mined in an ope 
cut and any limestone wall rock is picked out before hoisting. It is dumpe 
to (1). 

1. One No. 1 Blake breaker, 9 X 15 inches, crushing to 14 inches. To (2). 

2. One pair of No. 1 rolls, 30 X'14 inches, set 4 inch apart. To (3). 

3. A single log washer, 13 feet long, making 12 revolutions per minute an 
using one horse power. The paddles are of cast iron, 32 inches diameter, weig 
2,000 pounds per set and last for 1,000,000 tons of ore. The bottoms are ( 
wood and last indefinitely. Heads to (4) ; tailings (clay) to waste. 

4. From (3) and (6). One No. 1 bucket elevator. To (5). 

5. One No. 1 trommel with 6-mm. round holes. Oversize (about 25%) 1 
(G) ; undersize (about 75%) to (7). 

G. One pair of No. 2 rolls, 24 X 12 inches, set ^ inch apart. To (4). 

7. From (5). One No. 2 trommel with S^-mm. round holes. Oversize i 
(9) ; und'ersizc to (8). 

S. One No. 3 trommel with 2-mm. round holes. Oversize to (10) ; undersii 
io (11). 

9. From (7). Two No. 1 jigs. 4-sieve double Harz jigs with sieves 14 X S 
iru'lus. The early compartments make lead concentrates to load furnaces; tl 
])n)(luets of later compartments and the tailings arc zinc and iron concentrab 
i)v Irani way j mile to (12). 

10. From (8). One No. 2 jig. 4-sieve double Harz jig with sieves 14 X 2 
inches. Products like (9). 

n. From (8). Three No. 3 jigs. 4-sicve double Harz jigs with sieves 14 
28 inches. Products like (9). 
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12. From (9), (10), (11). Two reverberatory roasting furnaces with, hearths 
7 feet X 8 or 9 feet, for rendering the iron ore magnetic. To (13). 

13. Cooling floor with area of about 1,000 square feet. The ore is partly 
quenched with water and goes by No. 2 bucket elevator to (14). 

14. A Payne two-drum magnetic separator. Heads to iron blast furnace ; tail- 
ings to zinc furnace. 

The lead concentrates contain about 60% lead, the iron concentrates contain 
about 48% iron and the zinc concentrates contain about 35% zinc and 4 to 6% 
iron. One hundred tons of ore yield 50 tons of clay washed off in the log washer, 
2^ tons of lead concentrates, 12^ tons of iron concentrates, ajad 35 tons of zinc 
concentrates. 

§ 779. The Co^tcentration Works at'Monteponi, Sardiota.^®® — ^The ore 
consists of the economic minerals calamine, smithsonite, and ochreous iron ore with 
some galena, cerrusite, siderite, and blende, and a gangue of limestone and 
dolomite with some barite. The smithsonite is very hard and is found mostly 
in the crushed sizes above 10 mm. The calamine is friable and ferruginous and 
forms with the ochreous iron ore mixed iron-zinc ores which are difideult to 
separate in the wet way. In the zinc dressing mill these mixed ores gradually 
work down into the finer sizes and form middlings which go to the magnetic sep- 
aration ; some of the iron-zinc ores are so light that they go with the gangue as 
waste. The galena is very compact and acts similar to the smithsonite. It car- 
ries 0.2% silver. The cerrusite is friable and is found in the finest crushed 
sizes. It is poor in silver. 

For twenty years previous to 1886 the company used no concentration beyond 
hand picking and during this time they accumulated 225,000 metric tons of ma- 
terial on the surface containing 13% zinc, 100,000 metric tons of material in 
the mine containing 18% zinc, and 300,000 tons of unbroken ore in the mine 
containing 12% zinc. Lead is present in amounts varying from ^ to 2%. 
From tests it was calculated that the above 625,000 metric tons could be con- 
centrated to yield 517,000 tons of tailings with 9% zinc and 108,000 tons of 
raw zinc concentrates with 34% zinc or 80^,000 tons of calcined zinc concentrates 
with 46'% zinc. 

The ore from the mine to-day is divided into the following classes, the 
division between rich ore and poor ore being roughly made at 25% zinc: (a) 
zinc ores containing over 25% zinc, averaging 34.5% zinc, go straight to tli(* 
calcining furnace; (1) granulated cerrusite containing G0% load and some sil- 
ver goes to lead smelter; (c) smithsonite containing 70% load and 0.2% silver 
goes separately to lead smelter; (d) ferruginous ore with 2()% zinc and' 40% 
iron oxide goes to the magnetic mill; (e) mixed oros and fines with 13% zinc 
go to the zinc mill; (/) clay with 8.5% zinc is thrown aside; (g) waste mate- 
rial with 2% zinc goes to the dump. 

Zinc Mill. 

Capacity 210 metric tons per day (probably 10 hours). The material is 
brought in little wagons, each holding 0.5 cubic* meter (1,500 pounds) and 
dumped into (1). 

1. Two horizontal grizzlies with 100-mm. spaces. Oversize hand picked into 
lead concentrates to (23), zinc concentrates to (21), aTid r(‘sidiu‘ or inived orc^ 
to (2) ; undersize to two iiopfXTs with fcders at tfa^ lioltom, to (3). 

2. From (1) and (4). One Blake breaker. By No. 1 Imcket elevator to (1). 

3. From (1). Two sets of inclined shaking screens, each sd liaving a 30-Trnn. 
screen 3.3 m. long above, and an 8-mm. screen 2.7 m. long below. Two liundrc'd 
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liters of water per minute come to each set. Over 30 mm. by two steel conveying 
belts to (4) ; through 30 on 8 mm. to (5) ; through 8 mm. to (12). 

4. Two steel picking belts. Lead eoneentrates to (23) ; zinc concentrates t( 
(24) ; mixed ores by No. 2 bucket elevator to (2) ; residue (waste) to waste bii 
and thence by wagons to dump. 

5. From (3) and (11). Two No. 1 trommels. Sectional with 8 and 16-mm 
holes. Over 16 mm. to (6) ; through 16 on 8 mm. to (7) ; through 8 mm. t( 
(13). 

6. Eight No. 1 jigs. 1-sieve Perraris intermediate jigs. Some skimming 
(lead concentrates) removed d'aily to (23) ; some discharges (zinc concentrates] 
to (24) ; some skimmings and discharges (mixed free grains) to (8) ; somi 
skimmings and discharges (included grains) to (10) ; hutches to (15) ; tailing 
to (25). 

7. Prom (5) and (12). Pour No. 2 jigs. 1-sieve Perraris intermedia^ 
jigs. Products like (6). 

8. From (6) and (7). One No. 3 bucket elevator. To (9). 

9. Four No. 3 jigs. Two 5-sieve jigs and two 1-sieve jigs. Lead coneentratei 
to (23) ; middlings to (10) ; probably also zinc concentrates to (24) and hutchei 
to (15). 

10. Prom (6), (7), (9). One No. 4 bucket elevator followed by one No. i 
bucket elevator and automatic feeder to (11). 

11. One pair of rolls. By No. 6 bucket elevator to (5). 

12. From (3). One No. 2 conical trommel with 8-mm. holes. Oversize t 
(7) ; undersize to (13). 

13. From (5) and (12). Pour No. 1 Perraris hydraulic classifiers in series 
each with one spigot. Spigots to (14) ; overflow to (17).^ 

14. Pour No. 4 jigs. 5-sieve Perraris jigs. Some discharges and hutche 
(lead concentrates) to (23); some (zinc concentrates) to (24) ; some (mixe< 
free grains) to (15) ; some (included grains) to (20) ; tailings to (25). 

15. From (6), (7), (9) and (14). A hopper shaped bin. To (16). 

16. One No. 3 trommel. Oversize (small in amount) probably to (21) 
undersize to (17). 

17. Prom (13), (16) and (22). One box classifier in the form of a pointe< 
box. Spigot to (18) ; overflow to settling tanks to be pumped back and use< 
over. 

18. Six No. 2 Perraris hydraulic classifiers in series, each with one spigol 
Spigots to (19) ; overflow probably to a settling tank. 

19. Six No. 5 jigs. 5-sicve Perraris jigs. Lead concentrates to (23) ; zin 
concentrates to (24) ; mixed free grains to (22) ; included grains to (20) ; tail 
ings to (25). 

20. From (14) and (19). One No. 7 bucket elevator. To (21). 

21. Prom (16) and (20). One fine crusher built like a jaw breaker bu 
having also a lateral movement of the jaws. To (22). 

22. From (19) and (21). One No. 8 bucket elevator. To (17). 

23. From (1), (4), (6), (7), (9), (14), (19). The lead concentrates fron 
the jigs are eaiighi in pails or little settling tanks below each jig and ar 
shoveled out into wagons and, together with the hand picked lead concentrates 
go to the lead smelt ( t. 

24. From (1), (4), (6), (7), (9), (14), (19). 9"lie zinc concentrates ar 
collected in the same way as the lead eoneentrates and go to calcining furnace 
where the moisture and carbon dioxide are driven off and the product is thcj 
ground. 

25 Prom (6), (7), (14), (19). Tailings of the jigs are caught in littl 
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settling boxes and thence go by wagons to the waste dump, or some of the 
products are rich enough to go to the magnetic mill. 

All the overflows of the classifiers and of the settling boxes for the jig 
products previous to paragraph (17) are delivered to the pointed box (17). 
The overflow of this is collected in a settling tank 6X6X5 meters deep 
and having a hopper bottom and gate for the periodical removal of the settled 
mud. Pour centrifugal pumps in two sets with two pumps in series in each set, 
each set run alternately, lift the water from this tank to one of the two supply 
tfl-nka at the top of the" mill. Water from the mine pump is delivered to a tank 
in the mill and is lifted by two centrifugal pumps, run alternately, to the other 
supply tank at the top of the mill. One of these supply tanks supplies the 
shaking screens, the Nos. 1, 2 and 3 jigs and the hydraulic classifiers; the other 
supplies the trommels and the rest of the jigs. The mill uses 3,500 liters of 
water per minute of which 1,500 liters come from the mine pump and 2,000 liters 
are repumped in the mill. 

Power is supplied by a steam engine with two cylinders, each 400 mm. diam- 
eter and 750 mm. long. The mill, together with its electric lights, requires about 
100 horse power. 

The ore coming to the mill averages 12% zinc and the daily product of cal- 
cined zinc concentrates from the mill amounts to 18.609 tons containing 46% 
zinc. The concentrates before calcining contain 34% zinc. The average of the 
total ore mined is 13.32% zinc and the total daily product of calcined zinc con- 
centrates from rich ore and the mill is 26.822 metric tons containing 46% zinc. 
In 1899 the company produced 13,000 metric tons of calcined zinc concentrates, 
3,000 tons of metallic lead and 3,000 kilos of silver. 

Magnetic 

The material treated is the mixed zinc-iron ore from the mine and from the 
zinc mill. It is brought by No. 1 bucket elevator to (1). 

1. Three continuous revolving furnaces having the flame passing through them. 
They slope 3® 35' and make 16 revolutions per hour. The grate has an area 
of 1.5 sq. m. and has a deep fire supplied by an air blast. The ore passes through 
the furnace in about six hours. The roasted product goes to (2). 

2. Prom (1) and (5). One No. 2 bucket elevator. To (3). 

3. A sectional trommel having 1, 1.6, 3 and 6-mm. holes. Over 6 mm. to 
(4) ; other four sizes by four little feeders to (6). 

4. From (3) and (6). One No. 3 bucket elevator. To (5). 

5. One pair of rolls. To (2). 

6. From (3). Four Ferraris magnetic separators. Heads (zinc concen- 
trates) to (7) ; middlings to (4) ; tailings (iron ore) to dump. 

7. The zinc concentrates go straight to market except the material below 
1 mm. which contains so much dolomite that it has to be jigged. 

A dynamo with 12 amperes and 60 volts runs the magnetic separators and th(* 
electric lights. 

The ore contains about 26% zinc and 10% iron. During the first year tlie 
plant treated 5,000 tons, and yielded 1,530 tons of zinc conoontratos containing 
41.7% zinc. Since then they have improved the work so that they get concen- 
trates with 45% zinc. 

Fine Concentration Plant 

This was .built after the zinc mill and has a capacity of 20 tons in 11 hours. 
The material treated is probably some of the fine products from the zinc mill, 
containing calamine, cerrusih* and galena, and gangue. It is first siz(m 1 in <i 
trommel with 1 or 1.5-nim. iioles. Tlie oversize passes to a 5-siev(‘ jig and ih(‘ 
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undersize is fed to a Ferraris classifier which yields spigot product to a second 
5-sieve jig and overfiow to a box classifier (spitzhasten) . The latter makes three 
products which are separated on Ferraris tables. 

(x) MILLS NOT ALREADY CLASSIFIED. 

This includes the sampling and fine crushing Mill 94, the Elmore oil 
concentration mill and the treatment of miscellaneous substances including 
chromite, quicksilver ores, graphite, clay and kaolin, corundum and emery, 
asbestos, diamonds and tinstone. Many others might be taken up but as a rule 
they are of only local importance in comparison with the metal bearing ores. 
Foster^® gives a short account of the treatment of several of them such as amber, 
asphalt, salt, slate, stone, etc. 

§ 780. Mill No. 94. Leadville Gold and Silver Extraction Company, 
Leadville, Colorado.* — (See Figs. 524a-624e.) — Capacity estimated to be 50 
tons in 10 hours to 30 mesh, or 75 tons to 20 mesh, but the ore had 10% moisture 
so that the drier was inadequate and the capacity of the mill was thereby limited 
to 75 tons in 24 hours. The mill ran 24 hours per day. The ore consisted of 
the economic minerals native gold and cerrusite and a gangue of partly decom- 
posed gray porphyry containing more or less kaolin and stained with oxide of 
iron. The problem was to save the gold by cyanide. The ore came by wagons 
or railroad cars and, when not to be immediately treated, was shoveled to (1) or 
(2) ; otherwise wheeled to (3). 

1. Receiving floor for storage. To (3). 

2. No. 1 bins for storage. To (3). 

3. A Briart bar screen with IJ-ineh spaces, also serving as a feeder. Over- 
size to (4) ; undersize to (5). 

4. One No. 1 Blake breaker, 9 X 15 inches, crushing to IJ inches. To (5). 

5. From (3) and (4). Shaking screen with ^-inch round holes. Oversize to 
(6) ; undersize to (7). 

6. No. 2 Blake breaker, 5 X 30 inches, crushing to ^ inch or less. To (7). 

7. From (5) and (6) and sometimes (8) and (10). No. 1 elevator, lifting 
40 feet. To (8). 

8. A Vezin sampler. It yields J (rejected ore) to (11) and (sample) to 
(9) if tlie quantity is small, or, if large, to No. 3 bin holding 10 to 15 tons. In 
the latter case it then goes by chute to No. 1 elevator (7) and through the sampler 
a second lime, yielding again I (rejected ore) to (11) and ^ (sample) to (9). If 
however it is still too large it goes to No. 4 bin holding 4 or 5 tons and thence by 
chute to No. 1 elevator (7) and sampler a third time, which yields ^ to (11) and 
Jtn (9). 

9. One pair of No. 1 rolls, 20 X 12 inches, set J inch apart when crushing. 
To (10). 

10. Sampling floor. The ore is cut down by riffle samplers or by fractional 
selection, dried if n(‘c(*ssary, ground finer in a sample grinder, cut down further 
and finished on a bucking piat(‘. Sample to assayer; rejected ore wheeled to 
(12) or Ted to No. I el(‘vat()r (7) which delivers all of it to (11), the sampler 
(8) b(Mng tlirown out of action during this short opcTation. 

11. From (8). Fiv(‘ No. 2 bins holding 37,500, ^13,000, 59,000, 75,000 and 
75,000 pounds respect iveiv. By gates and cars holding 1,400 pounds each to 
( 12 ). 

12. From (10) and (11). A llendy feeder. To (13). 

13. An Argali 4-tuh(‘ drier. By No. 2 bucket elevator, lifting 44 feet, to (14). 

=< The wh )1(» ul.i’it inc-lucled s irnplinp:, fine crushing and cyaniding, but the last is omitted here as being 
( utside tiie province of ore dressing. 
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§ 780 

14. From (13) and (16). One No. 1 trommel. Sectional with 1-inch round 
holes and 4:-mesh square holes. Over 1 inch to (15) ; through 1 inch on 4 mesh 
to (16) ; through 4 mesh to (17). 



FIG. 524a. — SECTION OF SAMPLING PAET OF MILL 94 ON ABGD 


OF FIG. 5246. 



15. Picking bin. Bolts, pick points, etc., to waste; residue to (16). 

16. Prom (14), (15) and (25). One pair of No. 2 rolls, 27 X 14 inches, sot 
^ inch apart when crushing. By No. 3 bucket elevator, lifting 35 feet, to (14). 
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17. From (14) and (19). No. 4 bucket elevator lifting 35 feet. To (18). 

18. Two No. 2 trommels. Sectional with 0.13 and 0.07-inch square holes. 



FIG. 524c. — SECTION ON EF OF FIG. 524&. 


Over 0.13 inch (chips, strings, etc.) to (25) ; through 0.13 on 0^07 inch 
to (19) ; through 0.07 inch to (20). 

19. One pair of No. 3 rolls, 27 X 14 inches, set almost close together. To 
(17). 

20. From (18) and (22). No. 5 bucket elevator lifting 35 feet. To (21). 

21. Four No. 3 trommels with 0.03-inch square holes. Oversize to (22) ; 
undersize to (23). 

22. One pair of No. 4 rolls, 27 X 14 inches, set almost close together. To (20) . 

23. From (21) and (26). No. 6 bucket elevator, lifting 45 f(‘et. By screw 
conveyor to (24). 

24. Six No. 5 bins holding 46 to 50 tons each. By gate and car to cyanid'e 
plant. 

25. From (18). Floor. Stuff is hero cleaned up periodically and yields 
refuse (chips, strings, etc.) to waste, and residue to (16). 

26. llust chamber and exhaust fan. This sucks dust from all elevator, trom- 
mel and rolls casings. Settlings to (23) ; fine dust to waste. 

Tlie power was furnished by a Porter-Alien engine rated at 170 horse power 
with a cylinder 12 X 20 inches, running under 85 pounds shiam pressure with cut 
off at stroke. The total power required by the mill was estimated to be 107 
horse power. 
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This mill is a most excellent example of the use of graded fine crushing to 
avoid the formation of slimes. Each particle that is crushed sufficiently fine is 
immediately sifted out and removed from further crushing. Also each pair of 
rolls cleans up its own oversize, that is the particles which are not crushed suffi- 
ciently fine by their first passage through a pair of rolls are returned to the 
same pair until they are so crushed. 

§ 781. Elmore Oil Concentration Mill at the Glasdir Mine, Dolgelly, 
Wales.®®^ — C apacity 50 tons per day (probably 24 hours). The ore consists of 
the economic mineral chalcopyrite, finely disseminated, and a gangue of hardened 



FIG. 524d — section of crushing part of mill 94 on CD of fig. 524c. 

slate. The problem is io save tlic^ ('()j;)[)(*r and its accompanying gold and silver. 
The ore is delivered to (1). 

1. A Comet breaker. To (2). 

2. A trommel. ()versiz(‘ to (3) ; undersize to (5). 

3. Jawbreakers. To (4). 

4. Eolls. To (5). 

5. Prom (2) and (4). Three 5-foot Huntington mills using screens with No. 
6 needle slot, equivalent to 30 mesh. To (0). 

6. Four No. 1 mixing drums, to which oil is added. To (7). 

7. Four No. 1 small settling boxes. Spigots to (8) ; overflow to (12). 

8. Four No. 2 mixing drums, to which oil is added. To (9). 

9. Four No. 2 small settling boxes. Spigots to (10) ; overflow to (12) 
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10. Four No. 3 mixing drums, to which oil is added. To (11). 

11. Four No. 3 small settling boxes. Spigots to waste dump; overflow to 

( 12 ). 

12. From (7), (9) and (11). Two No. 4 large settling boxes. Spigots to 
waste dump; overflow to (13). 

13. Two large centrifugal hydro-extractors with solid baskets. Water and oil, 
as overflow, to (15) ; mineral, in the baskets, to (14). 

14. One small hydro-extractor with perforated basket. Mineral, in the basket, 
to smelter; oil and water, through the perforations, to (15). 



15. Settling tanks for oil. Oil pumped up to four storage tanks to be used 
over; water settles to botiom and is run off periodically to waste. 

One sot of figures on the low grade ore shows it to contain 0.04 ounce gold and 
0.7 ounces silver per ton of 2,000 pounds and a liitle over 1% copper. For 
further data on Uie work of this mill see § 017. 

55 782. (hinoMTTK. — This is commonly associated with a serpentine gangiie 
and tfie difference in specific gravity is sufficient to allow a good separation. 
Fine dissemination is the rule and this makes fine cnishing necessary (20 to 40 
mesh) and produces middlings which are difficult to treat. Moreover the depos- 
its arc irregular and their extent does not warrant anything more than a simple 
mill, something after the style of Mill 50. 

The practice in various parts of the world is as follows: In Austria, a rock 
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§ 783 

breaker and gravity stamps do the crushing while the washing is done in trough 
washers. In New Caledonia the gangue is soft and trough washers alone are 
used without any previous crushing; one operator uses also a round huddle to 
treat the tailings of the trough washers. A mill in California had a rock breaker, 
a 6-foot Huntington mill and four Woodbury vanners. In some of the Canadian 
mills the coarsest of the crushed ores is jigged while the finer material is treated 
on tables of the Wilfley type. 

§ 783. The Dressing of Quicksilver Ores. — The chief mineral of quicksil- 
ver is cinnabar, which although of high specific gravity, is yet so soft that it 
slimes badly when crushed and causes a large loss whenever wet concentration is 
attempted. Moreover with the modem furnaces the cost of extracting quick- 
silver from its ores without -concentration is stated to be no more than the cost 
of concentration alone. For these reasons the only treatment given to quick- 
silver ores in this country is to crush them in jaw breakers and dry them. They 
are then ready for the furnace. 

At Idria, Austria, the method of preparing the ore for the furnaces is to crush 
it dry in rock breakers and then to subject it to hand picking and sizing by 
screens. Average figures show that out of 100 tons of concentrated material 
there are 41.5 tons of coarse material (over 20 mm.) assaying 0.35% quicksilver, 
54.1 tons of fine material assaying 0.67%^ quicksilver and also 4.4 tons of high 
grade stuff assaying 8.4% quicksilver. During the last year recorded the 
undressed ore was raised from 0.6% quicksilver to an average of 0.85% by the 
dressing. 

Wet concentration has been used upon quicksilver ores in Tuscany. At the 
Cornacchirio mine^®^ the ore was first treated in washing troughs to remove the 
fines. These were settled in a labyrinth and according to their quality they were 
sent either to the furnaces or to the rectangular slime table mentioned below or to 
waste. The coarse ore from the troughs was sized by a 10-mm. trommel and the 
oversize hand picked into ore for the furnaces and waste to the dump, wliilc the 
undersize was treated on hand jigs which yielded coarse concentrates to the fur- 
naces, hutch product to the rectangular slime table and tailings to waste. The 
slime table made products of different grades to different furnaces. The mill 
contained 15 trough washers, 16 hand jigs and 4 rectangular slime tables and 
employed 45 women and 4 men. Its capacity was 20 to 40 tons in 1 1 hours. The 
ore was very rich, the heads of the slime tables containing from 15 to 35% mer- 
cury. Tailings of the slime tables contained 0.49% mercury and 'the jig tnilings 
contained 0.97% mercury. At the present time those tailings can he roast' d at a 
profit and the presumption is tliat concentration is no longer practiced but the 
author is unable to state so positivelv. 

§ 784. Grapttitk Dressing. — This differs from th(‘ usual problem in or(‘ dn'ss- 
ing in that the values arc lighter than the waste. Graphite 'possess(‘s two proper- 
ties which allow the use of special processes in its separation. Its softness causes 
it to crush finer than the gangim and this to<»''‘t}u‘r with its low sf)<*cifi(* gravity 
makes a separation po'ssible by disintegration followed bv settling or elut nation. 
The tendency of graphite in rmniy cases to break into flaki's whim crusluMl while 
the gangue breaks into rounded particles makes a separation possil)le by disin- 
tegration followed by screening. 

Near Passau, Bavaria. Gormanv, there is a deposit of granhiti' associali'd with 
gneiss, on? rtz and feldspar.’®^ After a certain amount of hand picking, the softer 
ore is ground in horizontal mills of the buhrstone type and th(‘ hardm* ore by 
stamps or edge stone mills. The graphite on account of its scaly form is not 
ground so fine as the other minerals, and can, therefore, be sena rated by sifting 
on bolting silk or by using an air blast. The concentration is done dry. The 
product is high grade but there is a large loss in the tailings. Tlie best ore con- 
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tains 53.8% graphite and the best concentrates contain 89.2‘% graphite. The 
tailings vary from 22.3% graphite in the poorest to 36.8% in the richest. The 
impurity remaining in the concentrates is chiefly mica which does little harm. 

In Anstna/^^ which is the largest graphite producing country in the 

world, some of the ore needs only hand picking or cobbing while other ore has to be 
concentrated by grinding in edgestone mills with water and passing the pulp over 
a series of settling tanks. The following description of a mill in Bohemia illus- 
trates the process. The ore occurs in gneiss for a matrix and contains graphite, 
kaolin, calcite, quartz and pyrite. It is ground to fine pulp in two edgestone 
mills and then passed over six settling tanks for sand, each 1.5 m. long, 1 m. wide 
and 1 m. deep. The gangue settles in these and is removed periodically to waste. 
The overflow passes on to eighteen settling tanks for graphite, each 6 m. long, 1 
m. wide, and 1.5 m. deep. The graphite is allowed to accumulate in these to a 
certain height, and then the water above the settlings is drawn oS to waste and 
the graphite slime is discharged to the filter presses. The best graphite comes 
from the last tank and the quality deteriorates from the last tank to the first. 
Usually only three grades of product are made so that the products of several 
neighboring tanks are thoroughly mixed together before going to the filter presses. 
The slime is pumped through the big presses under a pressure of six atmospheres 
(88 pounds per square inch) and each press yields in 12 hours 1,800 to 2,400 
lalos of graphite in cakes containing 20% moisture. A press is discharged 
every 3 or 4 hours. The cakes are dried at 90° to 100° C. for 24 or 30 hours 
and then crushed dry in edgestone mills and sized for the market. In Southern 
Bohemia the best grades produced by this method contain 80 to 95% carbon, 
while in Moravia, where the ores are of poorer quality, 55% carbon is quoted for 
the best grade. 

The method of graphite dressing at Ticonderoga, New York, which is the 
source of most of the American output, is not known to the author. The ore 
contains about 10% graphite and the concentration saves only 50% of this. 

At the mill of the Philadelphia Graphite Company at Chester Springs, Penn- 
sylvania, the graphite ore is crushed in rolls and then concentrated in a form of 
log washer. The concentrated graphite is again ground by rolls and prepared for 
the market by air blast and sizing screen. The average rock is said to contain 
28% grapliiie but rock with 10% can be treated with a profit. 

The process of graphite dressing in Alabama is copied after the Austrian mills, 
that is, fine crushing followed by concentration in settling tanks. 

^ 785. Clay and Kaolin Washing. — The impurities to be removed are sand 
and pebblch of quartz, pyrite, mica and limestone and sometimes roots. The 
prm(‘iple of the separation is to thoroughly disintegrate the clay with water — 
sometimes a preliminary crushing is necessary — and then to float off the fine clay 
to settling tanks and leave bcdiind the impurities which are too heavy to be car- 
ried by the water. Dry screening with fine screens has been used to some extent 
to r(Mnov(‘ the coarse impurities but the washing process is generally ])referred 
as bidng more effective. Since the nature of the impurities may vary in 
difTi‘rent deposits and since there may aKo be a variation in the quality of tlv‘ 
prodiK't that it is dcsin^d' to obtain, it follows that no one machine or set of 
machines will he suited to all deposits. For example, brick clays will not re- 
quire such careful treatment as fine kaolin. 

For the preliminary crushing, when practiced, the best machine seems to 
he the ^hlry pan” which is an edgestone mill with a perforated bottom through 
which the crushed material is discharged. Polls liave heim used luit are not so 
satisfactory. Instead of crushing the material the same result mav be obtained 
by ^Sv(‘atbering” it, that is spreading it out in thin layers and letting it be 
acted on by air, water and frost for several months. 
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The disintegrating or washing machines proper may be divided into two 
classes, the basin washers and the horizontal washers. The basin washers, of 
which there are several types, all consist of a cylindrical basin 2 or 3 feet 
deep and 10 or 12 feet diameter, in the center of which is a revolving vertical 
shaft to which are attached radial arms carrying vertical stirrers. A sectional 
view of a basin washer together with the centrifugal pump which lifts the 
overflowing slime to the settling tanks is shown in Fig. 525. The action of 
the stirrers and the water thoroughly disintegrates the material and the clay 
and very fine sand overfiow with the water, while all coarse impurities settle 
to the bottom. The machines may be run with continuous feed or overflow or 
they may be charged and discharged intermittently. Their disadvantages are: 
(1) they have to be stopped periodically to remove the accumulation of coarse 
material in the bottom unless they are equipped with continuous bucket elevators 
for this purpose; (2) the water has to do a considerable part of the work and 
the machine works slowly. The horizontal washers, called’ slumming machines, 
include special forms of horizontal log washers and wash trommels which have 



the material fed at one end and the fine clay and water overflow at the other. 
The impurities are left in the machine to be cleaned out penodieally. The 
capacity of washing machines varies from 30 to 300 cubic nudiTs i:)er hour. 
For best results the feed and the water should be kept as constant as y>ossib]e 
in order to have the outflowing slime of the wame consisieney. 

The slime from the washers usually passes first througli a sore(‘n to remove any 
floating sticks, etc., and then it is earri(‘d in troughs to llu' settling tanks. If 
the slime is of the proper quality as it h'avcs th(‘ wasluT, then th(‘M‘ troughs 
are steep and of narrow (Toss section to act tlic parf of lainuhn-s and llic \vat(‘r 
quantity should be only four or five times as miK-h as llu^ olav. If, li()\v(‘vcr. 
the slime still contains some fine sand which it is d<'siral)le to nmiovcn Hum 
these troughs are mad'e with slight slof)e and of good width hinng lu^si divided 
into sections with each sncceeding section double th(‘ width of tlie pr(‘('C(ling 
and having longitudinal partitions to keoy) the (Uirront nniform. Tn this last 
case the water qnantitv is higlun*. iifi to thirty times as mueh as tlu' (dav, and 
the fine sand settles ont jnst as in a run. 
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The settling of the clay is done in tanks or pits. The simplest form is an 
earth excavation with a sandy bottom to soak away the moisture. For fine 
grades of clay tanks of wood, stone, brick or cement are used, sometimes of 
porous bricks. Small, shallow tanks have the advantage that the clay dries 
more quickly in them and the time of filling and emptying them is less. Large 
deep tanks have the advantages that so much area is not required, and' the 
product will be of a more uniform ^ade. The settling of the clay is hastened 
in some plants by putting a few pieces of alum on the screen through which 
the slime passes as it leaves the washer. 

In filling the tank the slime should not be fed at one place, but should be 
distributed uniformly so as to make the settlings uniform. When the water 
has settled clear it is drawn off by removing plugs in the side of the tank. The 
depth of the clay deposit in the tanks varies from 8 to 20 inches. German 
practice fills a tank from one to four times a year. At an American brick 
making plant there was one slumming machine and fourteen settling tanks each 
with a capacity of 1,200 to 1,400 cubic feet of clay. The capacity of the plant 
was 25,000 to 30, ,000 bricks per day, and as 1 cubic foot of clay yields twenty 
bricks, each tank must have been filled and emptied every fourteen days. 

The drying of the cheaper grades of clay is done by turning it over by shovel 
from time to time in the tanks, and when it is nearly dry it is removed to 
racks to finish the drying, or to some form of drier using heat. The more 
valuable grades will allow the use of filter presses and driers. 

The sand which is separated out from the clay is often valuable, being used 
to make ground flint for potteries or to make silica brick. It is not possible 
to remove all fine scales of mica by this washing process. At one plant this 
difficulty was overcome by screening the dried material on fine bolting cloth. 

At the kaolin deposits of Cornwall and Devonshire, England, it is common 
to have a small vertical shaft in the kaolin, connected with another larger shaft 
outside of the deposit by means of a tunnel at the bottom. In the small shaft 
is placed a wooden pipe having in one of its sides four 1-inch holes, 12 inches 
between centers vertically, and the space outside the pipe is filled with clay 
rammed down. A small pit is dug about the upper end of the pipe and the 
kaolin is washed into this pit from all sides by running water, the material 
being first loosened with picks. The heavier sand (from 3 to 8 tons to each 
ton of kaolin) settles in the pit and is regularly removed in a car, while 
everything else passes througli the holes of the wooden pipe, down and through 
the tunnel, and is then pumped up the large main shaft and sent to the troughs 
and settling tanks. Whore the lay of the land will permit, the pulp runs out of 
tiu' tunnel by gravity to the troughs; and a second shaft, made near the first, 
instead of at some distance, is used to deliver the coarse sand from the pit into 
the tunnel and away to a dumping ground. The troughs are called ^hnicas,” and 
ar(‘ 1 to 2 f(‘('t wide, about 0 inches deep and 20 feet or more long. The slime 
or ^‘^slip’’ runs first into one trough, which dis(*harges into two other troughs 
of tlu' sanu' dimensions, and so on. The troughs have f)lugs in their bottoms 
to draw^ off tlu' sand and mica periodically. The settling tanks are circular 
and are sound imes 30 to 40 feet in diameter and 7 to 10 f(‘(d deep. On the 
sid(‘ opposite th(‘ inlet tliere is a gate having a vertical s<d of holes whi(di serve 
as (mu'flow for the clarified water. As the d'l'posit of kaolin builds up, tlu'se 
lioles are suceessivelv plugged. When a tank is full of kaolin the ^''slip’’ is 
turnedi into another tank and the gate on the dis(*harge side of th(‘ first tank 
is removed. This allows the upper liquid' part of ih(‘ d(‘posit to run into a 
large, square draining tank, and the rest is discharged hv hoes with the aid 
of a small stream of water. It is allowed to drain to the consistency of cream 
cheese, when it is removed to a drier, which consists of porous tih's laid over 
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heated horizontal flues, or in soine cases it drains in the tank until it is stiff 
enough to be cut into bricks which are removed and dried on racks, which are 
roofed over, but are open at the sides. 

§ 786. Corundum and Emery Dressing. — The problem here is to remove 
the impurities and at the same time preserve the sharp edges and corners of 
the mineral grains. The usual method of procedure, after the preliminary 
breaking, is to treat the material by the so-called ^^muller^^ process, using a 
form of washing pan with wooden rollers (see § 265) the action of which is 
the grinding of one particle against another, whereby the talc, chlorite, mica, 
etc., are worn off from the harder mineral, and removed by a stream of water. 

At the works of the International Emery and Corundum Company, Corundtim 
HiU, ITorth Carolina,®®'^ the material is that known as sand corundum, being 
mostly fine sand with some pieces 1 inch or more in diameter. The gangue is 
soft chlorite and vermiculite plates and scales. The first step is to subject the 
ore to the scouring action of a stream of water as it is being sluiced miles 
from the mine to the mill. This action is increased by several vertical drops 
of 5 to 3 0 feet in the sluice. After reaching the mill, what will not pass through 
a 14-mesh screen is crushed in rolls until it will pass through, and, with the 
undersize of the screen, is stirred with hoes in a washing trough which washes 
off the light stuff to waste. The final cleaning of the residue is done by the 
^hnullers” mentioned above. The concentrates of these are drained, d'ried and 
sized on a 14-mesh screen, and the undersize is shipped to the emery mill at 
Chester, Massachusetts, described below, where it is graded into sizes for the 
market ; the oversize of 14 mesh goes back and is put through the mill again. 

At this same place the block corundum occurs mixed with tough hornblende, 
feldspar and gneiss. The few large blocks are broken by heating and quenching 
with water, and all is crushed by breakers and' rolls to pass through a 14-mesh 
screen. It then goes to a form of double horizontal log washer, called an ^^angor,^’ 
fed at the middle and discharging at both ends. Prom this point on, the 
treatment by washing troughs, ^^mullers,^^ etc., is exactly the same as in the 
preceding case, and it is also shipped to Chester for grading. 

Some corundum mills are built along the style of simple jigging mills. The 
mill of the Canada Corundum Company, Limited, in Eaglan township, Ontario, 
is as follows : The ore, which contains the corundum associated witli magnetite 
and mica in a feldspar gangue, comes to (1). 

1. 'No. 1 or mill bin. To (2). 

2. A Gates breaker, No. 2. By No. 1 bucket elevator to No. 2 or ore bin and 
thence to (3). 

3. Prom (2) and (4). One pair of Gates Economic rolls. 24 X 1 I inches. 
By No. 2 bucket elevator to (4). 

4. One No. 1 trommel. Sectional with 5, 8 and ll-mm. bob's. Ov(*r 11 »nm. 
to (3) ; through 11 on 8 mm. to (7) ; through 8 on 5 mm. to (8) ; through 5 mm. 
to (5). 

5. One No. 2 fromniicl. Sectional with 1.5 and 3-rnm. holo<?- Over 3 mm. 
to (9) ; through 3 on 1.5 mm. to (10) : through 1.5 mm to (0). 

6. Classifier. Spigot to (14) ; overflow to «lime tank. 

7. Prom (4). No. 1 TTarz jig using 9]-mm. sieves. Conec'nf ratc"^ io (11); 
tailings to waste. 

8. Prom (4). No. 2 ITarz jig using Ol-rnm. sieves. ProdiKls bk(‘ (7). 

9. Prom (5). No. 3 high spec'd jig using l-inm. si(‘ve^. Prodncd like (7") 

10. Prom (5). No. t high spec'd jig ii'.ing 2J-Tnm. sieve- TVoduets lik'‘ (7^. 

31. Prom (7), (8), (9). (10), (12), (18). One pair of high speed Colorado 

rolls, 30 X 6 inches. To (12). 
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12. One No. 3 trommiel with 1 and 1.5-inm. holes. Over 1.5 mm. to (11) ; 
through 1.5 on 1 mm. to (13) ; through 1 mm. to (14). 

13. Wilfley table. Heads to (15) ; tailings to waste. 

14. From (6) and (12). Bartleftt table. Heads to (15) ; tailings to waste. 

15. From (13) and (14). Drier. To (16). 

16. Magnetic separator. Magnetite to waste; corundum to (17). 

17. Splitters (screens) with 30, 80 and 90-mesh holes. Over 30 mesh to (18) ; 
through 30 on 80 mesh to (19) ; through 80 on 90 mesh to (22) ; through 90 
mesh to (21). 

' 18. Graders (screens) with 12, 14, 16, 20 and 24-mesh holes. Over 12 mesh 
to (11) ; the rest of the sizes are finished products. 

19. From (17). Graders (screens) with 30, 36, 46, 54, 60 and 70-mesh holes. 
Each size separately to (20). 

20. Hooper jig. Heads are finished products; tailings to waste. 

21. From (17). Graders (screens) with 90, 100, 120, 150, 180 and 200-mesh 
holes. Each size separately to (22). 

22. From (17) and (21). Wilfley table. Heads to (23) ; tailings to waste. 

23. Drier. To (24). 

24. Graders (screens) with 80, 90, 100, 120, 150, 180 and 200-mjesh holes. 
Finished products. 

The output is about three tons of concentrates per day. 

At the emery mine of the International Emery and Corundum Company at 
Chester, Massachusetts, the emery occurs associated with chlorite and talc schists 
and magnetite. The crushing is done by spalling followed by a Blake breaker 
and two pairs of rolls, the last one of which puts the stuff through a limiting sieve. 
During the spalling some barren rock is picked out to waste. The scouring or 
washing is done by the ^^mullers.^^ The grading of the concentrates after they 
have been drained and dried is done by nine screens. Three of the screens divide 
the material into four sizes and then each of the three finer sizes is further sub- 
divided by two screens into three sizes, thus making a total of ten size^. Each 
size receives a winnowing treatment with an air blast to remove the chlorite and 
also a treatment by a magnet to remove the magnetite. 

In general the grading of emery and corundum is to make usually twenty- 
four sizes ranging from 8 mesh to 100 mesh. The stuff is usually first divided 
at about 60 mesh and the oversize and undersize are further subdivided. In 
addition to the final cleaning by winnowing and magnetic treatment the finer 
sizes are often cleaned bv elutriation. For this there is a series of metal cylinders 
about three feet high and ranging from throe inches diameter for the first to fortv 
inches for the last. Thes(‘ are filled with water and connected by pipes near their 
upper edg^s. The material is made to flow over the tops of tlu^se beginning with 
the small(‘st just as in a box classifier. Stuff will settle in each cylinder and 
form a stratum of heavy corundum overdaid with a stratum of light waste. By 
draining off the water ihis stratified cake can be taken out whole and divided by 
a knife into clean product and waste. 

§ 787. Ashrstos Dresstn-o. — A round Thetford in the Province of Quebec, 
Canada, is located a large asbestos industry. Th(‘ asbestos is th(' fibrous form of 
serpentine called chrvsotile and occurs in veins in serpentine. It is mined in open 
pits and the waste rock and the valuable material an* hoisted out separahdv, the 
former going to the waste dump and the latter to the dre'^^ing works. In the 
simplest plants the ore undergoes onlv a cobbing to remove* (he waste roedc and to 
make two or three L^^ades of marketable product. Manv Tiiills are more elaborate 
and that at Kings Brothers’ Mines at Thetford’"^® is as follows: 

The waste rock is hoisted and trammed to (1), the valuable material is hoisted, 
trammed to a self-dumping skip and thence raised and dumped in front of (2). 
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heated horizontal flues, or in some eases it -drains in the tank until it is stiff 
enough to be cut into bricks which are removed and dried on racks, which are 
roofed over, but are open at the sides. 

§ 786. Corundum and Emery Dressing. — The problem here is to remove 
the impurities and at the same time preserve the sharp edges and corners of 
the mineral grains. The usual method of procedure, after the preliminary 
breaking, is to treat the material by the so-called “muller^^ process, using a 
form of washing pan with wooden rollers (see § 265) the action of which is 
the grinding of one particle against another, whereby the talc, chlorite, mica, 
etc., are worn off from the harder mineral, and removed by a stream of water. 

At the works of the International Emery and Corundum Company, Corundtim 
Hill, North Carolina,®®’^ the material is that known as sand corundum, being 
mostly fine sand with some pieces 1 inch or more in diameter. The gangue is 
soft chlorite and vermiculite plates and scales. The first step is to subject the 
ore to the scouring action of a stream of water as it is being sluiced miles 
from the mine to the mill. This action is increased by several vertical drops 
of 5 to 1 0 feet in the sluice. After reaching the mill, what will not pass through 
a 14-mesh screen is crushed in rolls until it will pass through, and, with the 
undersize of the screen, is stirred with hoes in a washing trough which washes 
off the light stuff to waste. The final cleaning of the residue is done by the 
^^ullers^’ mentioned above. The concentrates of these are drained, dl-ied and 
sized on a 14-mesh screen, and the undersize is shipped to the emery mill at 
Chester, Massachusetts, described below, where it is graded into sizes for the 
market ; the oversize of 14 mesh goes back and is put through the mill again. 

At this same place the block corundum occurs mixed with tough hornblende, 
feldspar and gneiss. The few large blocks are broken by heating and quenching 
with water, and all is crushed by breakers and' rolls to pass through a 14-mcsh 
screen. It then goes to a form of double horizontal log washer, called an ^^angor/’ 
fed at the middle and discharging at both ends. Prom this point on, the 
treatment by washing troughs, ^^mullers,” etc., is exactly the same as in the 
preceding ease, and it is also shipped to Chester for grading. 

Some corundum mills are built along the style of simple jigging mills. The 
mill of the Canada Corundum Company, Limited, in Eaglan township, Ontario, 
is as follows; The ore, which contains the corundum associated witli magnetite 
and mica in a feldspar gangue, comes to (1). 

1. No, 1 or mill bin. To (2). 

2. A Gates breaker, No. 2. By No. 1 bucket elevator to No. 2 or ore bin and 
thence to (3). 

3. From (2) and (4). One pair of Gates Economic rolls, 21 X 14 inches. 
By No. 2 bucket elevator to (4). 

4. One No. 1 trommel. Sectional with 5, 8 and 11-Tnm. holes. 0 \(t 11 mm. 
to (3) ; through 11 on 8 mm. to (7) ; through 8 on 5 mm. to (8) ; through 5 mm. 
to (5). 

5. One No. 2 trornmicl. Sectional witli 1.5 and 3-mm. lioles. Over 3 mm. 
to (9) ; through 3 on 1.5 mm. to (10) : through 1.5 mm to (0). 

6. Classifier. Spigot to (14) : overflow to elimo tank. 

7. From (4). No. 1 ITarz jig using Ol-rnm. sieves. Concenl ral(‘^ to (11) ; 
tailings to waste. 

8. From (4). No. 2 ITarz jig using 61-mm. sieves. ProdiK'Is lik(‘ (7). 

9. From (5). No. 3 high speed jig using l-mrn. sif^vc-. Prodmd liki- (7") 

10. From (5). No. 4 high sf)(M‘d fig ii'^ing 2J-mm. siev<‘^ Product*? lilo‘ (7^^. 

11. From (7), (8), (9). (10), (12), (18). One pair of high speed Colorado 
rolls, 30 X 6 inches. To (12). 
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12. One No. 3 trommiel with 1 and 1.5-mm. holes. Over 1.5 mm. to (11) ; 
through 1.5 on 1 mm. to (13) ; through 1 mm. to (14). 

13. Wilfley table. Heads to (15) ; tailings to waste. 

14. From (6) and (12). Bartlett table. Heads to (15) ; tailings to waste. 

15. From (13) and (14). Drier. To (16). 

16. Magnetic separator. Magnetite to waste; corundum to (17). 

17. Splitters (screens) with 30, 80 and 90-mesh holes. Over 30 mesh to (18) ; 
through 30 on 80 mesh to (19) ; through 80 on 90 mesh to (22) ; through 90 
mesh to (21). 

' 18. Graders (screens) with 12, 14, 16, 20 and 24-mesh holes. Over 12 mesh 
to (11) ; the rest of the sizes are finished products. 

19. From (17). Graders (screens) with 30, 36, 46, 54, 60 and 70-mesh holes. 
Each size separately to (20). 

20. Hooper jig. Heads are finished products; tailings to waste. 

21. From (17). Graders (screens) with 90, 100, 120, 150, 180 and 200-mesh 
holes. Each size separately to (22). 

22. From (17) and (21). Wilfley table. Heads to (23) ; tailings to waste. 

23. Drier. To (24). 

24. Graders (screens) with 80, 90, 100, 120, 150, 180 and 200-mjesh holes. 
Finished products. 

The output is about three tons of concentrates per day. 

At the emery mine of the International Emery and Corundum Company at 
Chester, Massachusetts, the emery occurs associated with chlorite and talc schists 
and magnetite. The crushing is done by spalling followed by a Blake breaker 
and two pairs of rolls, the last one of which puts the stuff through a limiting sieve. 
During the spalling some barren rock is picked out to waste. The scouring or 
washing is done by the ^^mullers.^^ The grading of the concentrates after they 
have been drained and dried is done by nine screens. Three of the screens divide 
the material into four sizes and then each of the three finer sizes is further sub- 
divided by two screens into three sizes, thus making a total of ten sizes. Each 
size receives a winnowing treatment with an air blast to remove the chlorite and 
also a treatment by a magnet to remove the magnetite. 

In general the grading of emery and corundum is to make usually twenty- 
four sizes ranging from 8 mesh to 100 mesh. The stuff is usually first divided 
at about 60 mesh and the oversize and undersize are further subdivided. In 
addition to the final cleaning by winnowing and magnetic treatment the finer 
sizes are often cleaned by elntriation. For this there is a series of metal cylinders 
about three feet high and ranging from three inches diameter for the first to forty 
inches for the Inst. Thes(‘ are filled with water and connected by pipes near their 
upper edge's. The m.iterial is made to flow over the tops of these beginning with 
the smallest just as in a box classifier. Stuff will settle in each cylinder and 
form a stratum of heavy corundum overlaid with a stratum of light waste. By 
draining off the water this stratified cake can be taken out whole and divided by 
a knife into clean product and waste. 

§ 787. Asurstos Dresrt'N'G. — A round Tludford in th(‘ Province of Quebec, 
Canada, is located a large asbestos industrv. Tlu^ asbestos is ilu' fibrous form of 
serpentine called chrvsotile and occurs in veins in serpentine. It is mined in open 
pits and the waste ro(‘k a'lid the valuabh' material ari' hoisied out separatidv, the 
former going to the waste dump and the latter to tlu' dressing works. Tn the 
simplest plants th(‘ ore undergoes onlv a cobbing to remove the waste ro('k and to 
make two or three irrades of marketable product. Manv in ills are more elaborate 
and that at Kings Brothers’ Mines at Thetford^"^® is as follows: 

The waste rock is hoistc'd and trammed to (1), the valuable material is hoisted, 
trammed to a self-dumping skip and thence raised and dumped in front of (2). 
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1. Waste dump. Boys cob this material and recover some asbestos to (10). 

2. Blake breaker, crushing to f inch. To (3). 

3. Inclined screen with 1.6-mm. square holes. Oversize to (4) ; undersize 
probably to waste dump. 

4. A traveling belt picking table with a division along the center. Barren 
rock from one side to waste dump; valuable rock from other side to (5). 

5. A pair of rolls with loose springs. To (6). 

6. A series of three inclined shaking screens having 1.6-mm., 12.7-mm., and 
19.1-mm. holes. Over 19.1 mm. (No. 1 asbestos) to (10) ; through 19.1 on 
12.7 mm. (No. 2 asbestos) to (7) to secure a more uniform product; through 
12.7 on 1.6 mm. (No. 3 asbestos) to (10) ; through 1.6 mm. (^Vaste^' asbestos) 
by chain elevator to (10). 

7. A screen with 6.35-mm. holes. Oversize to (8) ; undersize, probably ^Vaste^^ 
asbestos, to (10). 

8. Cyclone pulverizer, to (9). 

9. Screening and suction apparatus (see §601) using an 11-mesh screen. 
Oversize (“fibre,” amounting to about 35%) to (10) ; undersize (about 65%) 
barren rock to waste dump. 

10. From (1), (6), (7), (9). The different grades are used as follows: No. 
1 has the longest fibre, and is especially valuable for spinning; No. 2 is also used 
for spinning; No. 3 is used for the manufacture of mill board, etc. ; “Waste” has 
a larger proportion of sand and is used for bricks, cement, etc. ; “Fibre” is very 
soft and is used for steam packing, etc. These products may be put through a 
combing machine consisting of a pair of toothed rolls which have a sidewise mo- 
tion in relation to one another as well as the revolving motion and this removes 
some more of the waste rock. 

The average of the district is about one ton of asbestos from 100 tons of rock. 
The rock left in the asbestos varies; in one grade it ranged from 5 to 40%. 

§ 788. Diahond Washing. — T he seat of the greatest diamond mines in the 
world is around Kimberley in South Africa, and the industry is under the con- 
trol of the De Beers Consolidated Mines. The “blue ground” in which the Kim- 
berley diamonds occur is called ^Tcimberlite.” Its matrix though difficult to 
determfine, is probably an altered peridotite, and the chief minerals imbedded 
in it in addition to the diamond are garnet, olivine, mica, ilmenito, calcite, zircon, 
magnetite, and occasionally pyrite. Sometimes also fragments of black slate 
are found. On exposure to the air the rock disintegrates, especially if wcdtod, 
and on this property is largely based the method of treatnumt. Tim ore hoisted 
to the surface is dumped into trucks, each holding 20 cubic feet, and hauled by 
endless wire rope haulage to the “floors” (see §616). The De Bc'ors “floors” 
are divided into sections each 600 yards long and 200 yards wide, holding 
50,000 loads. A load is 16 cubic f(‘et or about 1,600 pounds and makc's a lavc'r 
10 inches deep over an area of about 21 square fc^et. The weatluming iakc's about 
a year for rock from the De Beers mine, hut only about half this time for rock 
from the Kimberley mine. The weathered rock (“yellow ground”) go(s to one 
mill while the remaining unweathered lumps of hard “hlm^” go to anotlnu- mill. 

At the Kamfersdam mill which is treating weathered rock the Trial (‘rial is 
dumped over grizzlies with 3-ineh spaces. Th(‘ ov('rsiz(‘ go(‘s through (^mu't 
breakers and with the undersize passes with wat(‘r through doubh' M‘ts of rolls. 
These rolls are 48 inches diameter, 30 indies (*orrugat(‘d face and mak(‘ 15 r(‘vo- 
lutions per minute. The upper rolls of (‘aeh s(‘t an‘ 1 'J inch(‘s apart and tli(‘ 
lower are I inch apart. The product is elevated to trornmelh with f-inch lioh's, 
the undersize of which goes to the iippcm row of washing rrans (s(‘(‘ g 2f)5) while 
the oversize goes to the fine rolls tog(‘ther with the tailings from thes<‘ pans. 
These rolls are 72 inches dianudi'r, 30 inches face and s(‘t fV inch apart. They 
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deliver by a bucket elevator to a second row of washing pans or safety pans which 
make tailings to waste, and concentrates, which, together with the concentrates 
from the upper row of pans, go to the “pulsator house/^ Some of the plants use 
only one set of pans. 

The hard ^^blue'" which will not disintegrate on the ^^floors^^ is treated in a 
separate mill. In the De Beers plant for this purpose the rock is broken to 2 
inches in Comet breakers and goes thence to trommels. The oversize goes to 
circular sorting tables to guard against large diamonds being crushed, though no 
diamonds of any consequence have been picked out on these tables. Following 
the tables is a series of rolls, trommels and jigs, the prevailing jig sizes being 
i 8 inch. In each case the hutch products of the jigs go through 
rolfs to finer jigs. The tailings of the jigs are waste. This mill treats about 
900 tons of rock per day and sends 8 or 9 tons to the “pulsator house.” 

In the ^^pulsator house” the concentrates from the washing pans and hard 
^fi)lue” jigs are sized in trommels having holes f, i and ^ inch diameter. 

Everything larger than f inch is hand picked; everything smaller than inch is 
thrown away. The intermediate sizes are jigged through beds of lead bullets. 
The tailings of these jigs are waste and the hutches go to the picking house, the 
amount of the concentrates being 250 pounds from 100 tons of mine ore. 

In the picking house the diamonds are recovered from the concentrates cither 
by hand picking or .by greased tables (see §617). The picked diamonds are 
washed in sulphuric or nitric acid and then sorted according to color. 

The New Bulfontein Diamond Company, which erected a plant to treat the 
rock direct without preliminary weathering, found that in the direct treatment 
some of the diamonds were broken in the rolls and the tailings contained 30% 
more diamonds than where the material had been previously weathered. 

The report of the T)e Boers Consolidated Mines for the year ending June 30, 
1900, shows the following: loads of blue ground hoisted, 2,653,784; loads oi* 
blue ground washed, 2,259,037; loads on floors at close of vear, 4>062.908; dia- 
monds found, carats,* 1,221,727'; carats per load of ^^bluo,” 0.54; per cent, dia- 
monds in the ore, 0.000015, This is only about one-half the prodJuction of the 
previous year owing to the Boer war. 

Other precious stones are recovered in some parts of the world by a simple 
washing process. For example, in Montana sapphire bearing rock is first dis- 
integrated by weathering and then screened and washed in sluices containing 
rifllc's. The concentrates from the sluices are further concentrated in a rocker 
and the product of this is hand panned and hand picked. 

§ 789. Tin Dressing. — This metal usually occurs as oxide in the form of cas- 
siterito or tinstone, the specific gravity of which is sufficiently high to admit of 
an easy separation of the mineral and gangne. 

Cornwall is Ihe seat of the oldest tin dressing operations. Here the cas- 
siterite is associated with arsenopyrite, pyrite, ehalcopyrite and wolfram in a 
liard gangne of quartz, chlorite' and schist. The sedieme is to first remove tlu' 
gangue, second to roast the residue to change the sulphides to light oxides or sul- 
phate's, and finally to wash again, leaving a residue of cassiteritc' and wolfram. 
The' latter is generally not pre^^ont in sufficient quantity to do much harm. Vari- 
ous processes have hee'n tried for its removal !)ut without great succe'ss. The most 
su(‘c('ssful wa^ to roast wiih sodium carhonale'. and h'ach out by wate'r the sodium 
tungstate which was recovere'd and sold. Any arsenic in the' ore is (‘hanged to 
oxide and volatilized during the roasting, and then conde'nsed in chambers. 
When copper is ])r<'sent, which is rare, the roa'^ting changes it to sulphate which 
is leached out by water and preci[)itated on scrap iron. 


• One ounce Troy contains 151 5 carats. 
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An outline of the Levant mill, St. Just, Penzance,^^^ will serve to illustrate the 
process : 

1. The ore is broken by rolls to the size of the flst^ hand picked to remove waste, 
and to make different grades varying in richness, and then crushed in gravity 
stamps. The stamped material goes to (2). 

2. l?ound buddies. Heads to (6) ; middlings to (3) ; slimes to (11). 

3. Eound buddies. Heads to (6) ; middlings to (4) ; slimes to (11). 

4. Eound buddies. Heads to (6) ; middlings to (5) ; slimes to (11). 

5. Eound buddies. Heads to (6) ; tailings to waste; slimes to (11). 

6. From (2), (3), (4), (5) separately. Kieves. Bottoms or heads, contain- 
ing 6 or 7% copper and 10 or 12% tin, to (8) ; tops to (7). 

7. Eound buddies. Heads re-treated on kieves; slimes to (11). 

8. From (6), (12). Boasting furnace. Arsenious oxide volatilized and 
caught in condensing chambers; roasted product to (9). 

9. Leaching with water. Solution containing copper goes to scrap iron while 
the suspended slimes are settled and treated on frames and then by kieves for tin ; 
leached residue to (10). 

10. Eound huddle. Heads are kieved; tailings containing 5 or 6% copper are 
stamped and treated on a round huddle yielding heads of eassiterite and tailings 
of copper ore. 

11. From (2), (3), (4), (5), (7). Settling pits. Settlings treated on 
frames yielding heads to (12) and tailings to waste. 

1 12. Kieves. Bottoms to (8) ; tops back to round buddies. 

Three-fourths of the total tin concentrates come from the first huddle. The 

final concentrates or black tin contain 65% metallic tin. 

In general in this district spalling is used instead of machine breaking. The 
spalled ore contains, on an average, about 1-^% metallic tin. The stamps used 
are the old Cornif?h gravity stamps, California gravity stamps, or Husband 
pneumatic stamps, all using a screen with 0.5 or 1-mm. holes. In some mills 
the stamped ore goes to runs, called strips, which work intermittently and yield 
heads, middlings, tailings and slimes. The first three products are washed out 
separately by little streams of water to the round buddies. The Dolcoath strips 
are 10 m. long, 0.5 m. wide, and 0.5 m. deep, and there are 0 stri])s for 12 stamp-, 

2 of which are always being emptied. At Wheal Grenville spitzkasfru are us(‘d 
to classify the pulp between the stamps and the round buddies. Tlu* biiddh*- 
used are of both the convex and concave type. For recrushing middlings 
various forms of pulverizers (Tregoning, Bartle and N’icholas) are used as w(‘II 
as stamps. The roasting furnaces are generally of the Brunlon revolving lyf)e, 
sometimes of the reverberatory type. 

The Dolcoath milP^'*^ has recently installed Frue vanncTs. Tb(‘ or(‘ is brolaui to 
IJ inches and then stamped through 27 wire mesh at the rat(‘ of 125 tons f)(*r 
day. Twelve 6-foot Frue vanners receive the pulp direct from thiit,v gravity 
stamps crushing rich ores, while fifteen O-foot Fru(‘ vanruTs r<‘e(*iv(‘ pulp (lir(*(d 
from thirty gravity stamps and two Husband stamps ((‘aeh (‘(jual to ten gravity 
stamps) crushing poor ores. The scheme is a singl(‘ treatmcml on lli(‘ vainuT.-. 
The vanner heads are roasted and further waslu'd, whih' th(‘ tailings ar(‘ classi- 
fied into coarse material and climes; the former goes to a furtlun* ('onc(‘nl rat ion 
and pulverization; the latter go to frames, the heads of wliich are s(dtl(‘d and 
re-treated on revolving buddies. The average vanner concemt rates] hav(‘ 50% 
black tin which contain^^ 65% metallic tin. Tailings in this mill contain thr(‘c 
pounds of metallic tin per ton or 0.13%. 

Tailings plants'*^'^ find an applic'ution aft(‘r th(‘ (''ornwall mills, since a considcT- 
able amount of slime tin is lost by the mill-. These plant'- an' s('atter(‘(1 six 
miles along the Ecd river from the mills to the ocean. The rnod(' Tor operation 
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for slimes is to dig a series o£ settling pits, 100 to 250 feet long, 6 to 10 feet 
wide and 6 to 10 feet deep. The stream is allowed to flow into these and settle. 
The clear water is drawn off and used to drive a water wheel, and for the auto- 
matic washing of the frames. The settled slime is washed out with a small 
stream of water over the first or ^‘^rag’^ frames, which yield tailings, back to the 
river; and heads, which are washed off every three or ‘five minutes into little 
settling boxes. The enriched material is then elevated by scoop wheels to the 
second frames, the heads of which are again treated on the third or cleaning 
frames. The heads of the third frames are elevated to concave revolving slime 
tables. These are 18 feet in diameter, revolve once in 6 or 7 minutes, treat 3 
tons in 10 hours, and yield heads to be roasted and again treated on round tables 
until they are rich enough to ship. The frames are 6 or 7 feet long, about 6 feet 
wide, and slope about 3 inches per foot. The ^^rag^^ frames treat from to 2 
tons per day, and there is generally one second frame to four ^^rag’^ frames, and 
one cleaning frame for four second frames. 

Some of the tailings plants also treat sands from the river. These are caught 
in settling tanks, and the settled sand goes to runs yielding lower part or tailings, 
back to the river ; and upper part or heads, washed to fixed convex buddies. The 
tailings of the buddies go back to the river while the heads are pulverized in 
rough ball mills and again treated on round buddies. The heads of these buddies 
are roasted. At the Trevarns (Camborn) plant 50 tons of settled sand, yielded 
10 tons of stuff to be pulverized which was further reduced to 0.333 ton to be 
roasted. The roasting and final washing again reduced this to 0.083 ton of 
black tin containing 65% metallic tin. 

The economic results of the Cornish mills are very hard to obtain since all 
products are estimated by the vanning shovel. One quotation gives the amount 
saved at the mill as 89^, that saved by the tailings plants as 9.3%, and the 
amount finally lost as 1.7%. These figures are probably better than is actually 
done.**^^ The statistics show that in the year 1890, 7,558 tons of black tin were 
produced by the mills on the Eed river, and 1,302 tons were produced by the 
tailings plants, or, in other words, the tailings plants saved an amount equal 
io 17% of that which the mills saved. The author has been unable to find ac- 
('ll rate data to show just how much tin finally escapes both the mills and the 
tailings plants and goes into the ocean. 

At Mount Bischoff, Tasmania,®®® the ore contains sulphide and oxide of 

tin, iron pyrites and iron oxide. It is broken to 2^ inches by a jaw breaker at the 
mine, and taken 1| miles to the dressing works where it is crushed by gravity 
stamps weigliing 560 pounds, dropping 8 inelies, and using screens with 14 meshes 
])er linear inch. The stamped ore is sorted in Rittingcu* spitzlutten into two jig 
sizes and an overflow prodiK't which is collcxled in settling tanks and f(‘d to con- 
v(‘x rewolving slirne tables. The jig sizes go to 2-hieve bedd(‘d jigs yielding firsl 
hiit('h which is smedting ore, second hutc'h which is rais('(l by hvdraulic jets to 
th(‘ finishing jigs, and tailings which arc* (‘h'aned on bud(ll(‘s, the concentrates 
of which ar(‘ gi’oiind in a Chili mill. Th(‘ finishing jigs make si'cond class smelt- 
ing or(‘ and tailings. Thc'se tailings are ground in a Chili mill and together with 
the' firodiK't of the (4hli mill [)r(‘vi()usly mention(‘d, go to classifiers. The 
sfiigoi of the latt(T goc's to round c'oncave buddies and th(‘ overflow goes to 
revolving slime tabh's. 44i(‘ coru'cntrates from th('S(‘ buddies and tabl(‘s are 
further (deaned in ki(‘ves. tabl(‘s that treat tlu' ov(‘rflow of the spUzlufleri . 

make concentrate's that arc re-treai(‘d on other tabk's and finally kic'ved, while 
the tailings are led to sett li fig tank^ and tlu'iu'e to bud (Pcs. q^he concen- 
trates from the latter are n'buddh'd and finally kieved. The mill contains 
75 stamps, 30 two-sieve TTarz jigs, 30 convex revolving tables 10 to 15 feet 
diameter, and 15 concave buddies 20 ftad diameter. About 6,000 tons of ore 
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are treated every month yielding on an average or about 150 tons of 

concentrates per month. The final tailings do not contain over 0.6% metal- 
lic tin. Sevenly-five per cent, of the concentrates comes from the jigs, 15 to 
20% fronx the revolving tables and 4% from the concave buddies. 

In Perak in the Malay peninsula^^® the cassiterite in placers is recovered by 
trough washers and hand jigs ; hydraulicking and riffle sluices are also used. For 
treating the lode tin the Pahang Corporation^®^ has a mill of sixty gravity stamps, 
using screens with 80 to 120 burr holes per square inch, each stamp treating 
about 2i tons per day. The pulp was formerly concentrated by the old Corn- 
ish system but now the pulp goes without classification directly to Prue vanners 
with corrugated belts, there being three vanners for every ten stamps. The ore 
concentrates contain over 70% metallic tin, the impurities being oxide of iron, 
a little silica and to copper. The total loss is 5 to 8 pounds of tin 
oxide per ton (0.22 to 0.36'%). On ores with considerable pyrites the vanners 
yield heads with 25 to 45% oxide of tin which go to calciners, and tailings with 
0.13 to 0.22% oxide of tin. Two pulverizers grind 250 tons of poor coarse con- 
centrates per month which go to two Frue vanners with plain belts, yielding 
clean heads, and tailings with not over 0.27% oxide of tin, when working on 
concentrates with 10% oxide of tin. 

In Bolivia,®®® the per cent, of cassiterite in the ore is quite high. The native 
system of concentrating is to crush by a Chili mill or a primitive rocking stone 
mill and concentrate either on square buddies or in washing troughs sometimes 
supplemented by hand jigs. In the mills which have been erected by foreigners 
the crushing is done by stamps, ball mills or Huntington mills, and the crushed 
material is treated on jigs and Frue vanners, or jigs and round buddies; one 
mill uses the old Cornish system. 

Bibliooraphy op Outlines op Mills. 

This will be found at the end of Chapter XXI. 



CHATOR XXI. 

GENERAL IDEAS ON MILLING. 

This chapter includes general principles^ accounts and reports, costs and testing. 

General Principles. 

§ 790. There are certain general principles which apply more or less^ to all 
mills and which will now be briefly considered. They deal with such points in 
the design, location; and the running of mills as are of especial interest to the 
practical ore dresser. The author will not consider the subject at all fully from 
the point of view of the mechanical, civil, or electrical engineer — for such in- 
formation the reader is referred to various treatises on those subjects. 

§791. Location of Mills. — The following points have to be considered: 
the distance from the mine ; the amount and source of the water supply and its 
constancy during the whole year; the supply of fuel; the position of the power 
plant for steam power, water power, or electricity, as the case may be; the ac- 
cosdibilitv of supplies and the shipment of the products ; the room for disposal of 
tailings; the room for future additions; the safety of the location from floods, 
snow slides, land slides, etc. The site must be so chosen that the greatest economy 
will result. For example, when all the other points are favorable it is best to 
have the mill just below the mine opening. In ease, however, the mine is in a 
somewhat inaccessible place, it may be cheaper to transport the ore to a more 
accessible spot than to bring water and supplies to the mine. 

With a few exceptions, the mills visited by the author are located near the 
mines, that is, within less than 500 feet, indicating that getting the ore to the mill 
is the most important factor. The exceptions are the Lake Superior native copper 
mills which are of sufficient size to make it cheaper for them to haul the ore from 
one to seven miles by railroad to the shore of the lake to secure an ample water 
supply, and aLo dumping place for tailings. Some of the large Montana copper 
mills also haul the ore to water; for example, Mill 42 hauls 30 miles to water; 
Mill 3<S hauls 170 miles to water and water power. 

§ 792. Mill Site.— A study of Figs. 511 to 524 shows that there seem to be 
three classes: (1) A side hill or terraced site with a steep sloping mill. (2) A 
flat site with a sloping mill. (3) A Hat site with a flat mill. 

The side hill site is shown, in Fig. 522^? of Mill 84, which is one of several mills 
in Utah which carry this policy to an extreme, owing to the fact that they have 
no spae(‘ in the town in the valley bdow for eitlun* mill site or tailings (lump. 
T]wy ar(‘ plac(‘d so far up that a dumping place is obtained for tli(‘ tailings ( n the 
hilTsidi^ l)(‘l()w the mill. These Utah mills hoist all the ore from the valley be- 
low and f)ump the* wat'^r from a distance, in one case 3 mil(‘s, in anotln^r IS rnih'S. 
'V\w advanlages claimed for the side hill site are that the ore wlum orie<‘ slarted 
al th(‘ iof) of the mill follows the various slops of the trc'atment under tlu* in- 
(lu(‘ne(‘ of gravity ; that the machinery is nearer the ground ; tfiat much of th(‘ w(‘ar 
and annovaru'o resulting from the use of eh'vators in a mill is avoidc'd ; and tliat 
lh(' tailings pass off by gravity. The disadvantages are that the cost of construc- 
lion is ('onsid(‘rah1y greater, since oxcavalions hav(‘ to be mad<‘ and retaining 
walls built; that it is not so easy to semd stuff hack for re-irentment ; that the mill 
is not so accessible either for men to move about insid(‘ or for teams to approac'h 
on the outside; that the site is inconvenient and inelastic, that is, the machines 
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have to be arranged in a more or less predestined order and it is hard to make 
additions which shall be conveniently located with respect to the original. 

The flat site with a sloping mill is well illustrated by Mill 40 (see Pig. 519a). 
The advantages of this form are that it saves the expense of excavating and build- 
ing retaining walls; that it is accessible inside and out; that additions can easily 
be made to it at any desired point ; that it requires no more elevators than the 
mills built on a gentle slope. The disadvantages are that the ore has to be ele- 
vated as a rule at the start; that one end of the mill has to be built up on a frame 
work; and that it may be necessary to elevate concentrates and tailings. 

The flat mill on a flat location is represented by Mill 25 (see Pigs. 513a and 
513&). This class has the advantages that it is cheap to construct; that it is 
easily accessible; that additions can be easily made; and that it is compact and 
covers less ground than the other forms. The disadvantages are that more ele- 
Yators are required, which wear out rapidly and annoy the mill man by breaking 
down ; that many of the machines are elevated some distance from the ground ; 
that there may be a lack of light on the under stories ; and that concentrates and 
tailings may have to be elevated. In Mill 25 there are two stories, the upper 
containing the ore bins, jigs and tables with no overhead machinery to cut off the 
light ; on the lower story are the rolls, screens, pumps, classifiers, tanks, and shaft- 
ing. In this mill it is claimed that by placing all of the heavy weights at the 
bottom the heavy framing is confined to the lower story. It is also claimed that, 
although part of the stuff is elevated several times, yet the total amount of elevat- 
ing takes less by 20 horse power than it would for a step buildiing. 

The usual form of coD.eentrating mill is a single story sloping mill built either 
on a gently sloping site or on a flat location. In this usual form the ore is re- 
ceived at a height which allows it to pass through the crushing machinery. Then 
in the majority of cases it is elevated to the trommels and passes through the 
trommels, classifiers, jigs and fine concentrators, the only re-elevating being of 
middlings, usually after recrushing, to go either back into the regular system 
again or to be treated on separate middling machines. In a few exceptions the 
middlings pass on straight without re-elevating. Some of the mills elevate the 
concentrates and even tailings. There are also a few instances where, for special 
reasons, ore is elevated at other points than those just indicated. The mills 
seem generally to obey Rittinger^s rule that the arrangement should bo such that 
the middlings can be carried forward in the shortest and simplest way to the 
next following manipulation, and that they should not be allowed to descend 
unnecessarily so as to require corresponding unnecessary re-elevation. 

§ 793. In regard to the site of foreign mills, the state of ore dressing is such 
that a number of the mills existing to-day were designed y(‘ars ago wlu'n it 
was the custom to put the different departments in separate buildings covm-ing 
some distance down a gentle slope, perhaps down a valley, in sonu* cas(*s (‘xhmding 
to a distance of half a mile and in the tin dri'ssing works at Altimburg (wen a 
mile. The mill at Ammeborg, Sweihm (vS(‘e §()7-4), built in l<sr)!)-(;i, has all 
the machines on one floor, and the addition of new [larts al dilhu-ent tirmxs has 
given rise to a nmnher of disconnected and iiuh'i’emli'iit d(‘pa rl iikmiIs. 

Even in some com])arati\cl v modern mills, jhis Kick of conifiael ness o(‘(*nrs. 
Thus, in the new' dressing works at Clau'iilial (sc^e Figs. r)lS^/ and 5 IS/;), which 
started in 1872, the plant stndches out ahoui a (jiiaili'r of a mil(‘ in s(‘})aral(‘ 
buildings on terraces, the average slope of the sit(‘ fn'in laginiiing io (‘iid Ixdng 
The mill at Laiithentlial, started in 1871, also lias s(‘f)aral(‘ oik^ story huild'ings 
extending along a slope. Tlie null at Lauronhurg (s(‘C‘ Figs. 517^ and 517/;), 
is built on a slope of 29°, and is mucli mon* condcmstMl. It is a combination 
of the terrace and the story arrangernemt, one building having thn^e storii's, all 
the others only one. The mill at Kamsbeek has also a compact arrangement 
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of buildings of more than one story on a terrace. The Silberan mill at Ems, 
started in 1862, (see Fig. 526), is a single story mill in three divisions built dn 
a flat location, while the new Himmelfahrt mill at Freiberg (se?e Figs. 527a 
and 5275), built about 1890, is an example of a mill with five stories built 
on a flat location. The ore is raised to the top and then passes successively 
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PIG. 526. — SILBERAU MILL AT EMS. S0ALE=yy^ SIZE, 
down the various stories under the influence of gravity. The Neue Helene mill, 
built about 1886, near Beuthen in Upper Silesia, is a storied mill very similar 
to the Himmelfahrt. The preceding examples indicate that although many 
foreign mills exist to-'diay which cover a large extent of territory, yet the tendency 
seems to be to make the" mills more compact, that is, to put the buildings closely 
together on terraces where a slope is available or, when a slope is not available or 



PIG. 527a. — ELEVATION OF ItlMMELFAIIllT MILL. 



FIG. 5275. — PLAN. 


a Hoist. 

1) Waste track. 
c. Receiving floor 
(J Grizzly and breaker floor 
r, (’obbing and coarse rolls floor 
f Coarse jigs and medium rolls floor. 
q Medium jigs, flne rolls and s*'amps 
7» Fine jigs, 
i. Tables for slimes. 
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is insufTicient, to make up for the lack of it either entirely or in part by the use 
of stories. 

§ 794. Plant. — In addition to the mill itself, other buildings are necessary. 
Tlu‘ power house is, as a rule, located in a little building joined to one side 
of the mill. The carpenter shop, machine shop and, blacksmith shop usually 
serve not only for the mill but for the mine, especially in small plants where the 
mill is near the mine. In some cases, as at Mill 38, these shops serve the mill 
and smelter. The three shops may be all in one building or more commonly 
the blacksmith shop and the machine shop may be in one building cither 
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together or separated by a partition, while the carpenter shop is in a separate 
building. As a rule, these shops are not very elaborate, their equipment being 
generally confined txD one or more drills, lathes and planers, and perhaps a 
milling machine. As an example of practice. Mill 59 has the three shops all 
in one building 30 X 120 feet in size and this contains lathes, planers, drills, 
presses, etc. Mill 66 has a foundry as part of its plant. This mill, however, 
is owned by a company which possesses others in the vicinity and hence the 
foundry can not be said to belong exclusively to this mill. 

The assay office is usually a separate building or it is in the building with 
the superintendent's office and the civil engineer’s office. It should never 'be 
located in the mill on account of the jar being bad for the balances. It may 
serve both mine and mill or mill and smelter, or all three, depending on their 
relative location. Unfortunately an assay office is not considered essential by 
some mill men and no provision is madfe for it. This the author believes to 
be a mistake since the assay office used in connection with systematic sampling 
and testing will in the majority of cases make a saving far beyond the cost of 
its maintenance. In addition to the preceding buildings, a storehouse is also 
frequently included in the plant. Mill 59 has an office of stone, which contains 
the general and private offices for the mill and mine, and, in addition, map, 
drafting, assay, retort and melting rooms with part of the basement used as a 
storeroom for issuing supplies. 

§ 795. Construction of Mill Buildings. — The most important thing is 
solidity. The special points to be considered are : (1) Strong foundations to stand 
the weights of the ore bins and heavy machinery and vibration from the latter. 

(2) Framing of sound materials and well put together for the same reasons. 

(3) Floors double, made tight and with a slight slope in one direction toward 
a catch launder and sump to prevent accumulation of pools of water and also 
to allow ease of cleaning and catching anything of value which may have been 
'spilled thereon. (4) Walls and roofs tight to keep out cold and wet. (5) All 
possible precautions against fire. (6) Good light and ventilation. (7) Plenty 
of room, ease of access to all parts and ease of making repairs. 

In Europe, especially in Germany, the mills arc frequently made of brick 
and stone or the very modem ones of iron. This is due first to the cost of 
timber, and second to the fact that mining and milling are on a more permanent 
basis there than in the United States. The almost universal construction in tln^ 
mills visited by the author is of wood. The woods used in this country ar(‘ 
spruce and the various pines for soft woods, and oak or chestnut for hard woo(K. 
The kind used depends chiefly on availability, provided it is siifliciimily durable. 

The sides of mill buildings are in many casCvS boarded verticallv and t!n‘ 
cracks battened. There is one objectioin to this mithod, namely, that the liatiim^ 
are liable to shrink and leave large cracks as they dry. A heihu- melliod is 
to double board the sides, the boards breaking joint in every case. Ola pb<)iir( ling 
is sometimes used especially at Lake Superior. The roofs are almost alwav^^ 
shingled, sometimes double boarded without shingling. 

Instead of boards, corrugated iron is used to some extent to cover lh(‘ sidiN and 
roof. It is stronger and more durable than wood, and is flr(‘ proof, ilieM‘by 
saving high premiums for insurance. Its disadvantage is tliat it mak(‘s (ho 
building hard to heat in winter, owing to its higli (‘onduct ivity. TVIill 59 lia- 
N'o. 26 galvanized iron fastened to a wooden frames all built on a roek foiindat K'n 
fo that no timber rests within A feet of the ground. ''Idu^ floors ar(‘ of asphait 
laid on a concrete foundation. An addition to TVIill It; has a frame' of st rued ur.il 
«teel lined with board's inside and covered on the' outside' with ('e)rriigateel irem ; 
Mill 92 has a steel frame covered with corrugated iron. Mill 25 (se'c Fig. 5135). 
has a corrugated iron roof on iron trasses and columns. The author is also 
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informed that at the new large lead mill of the St. Louis Smelting and Refining 
Company, at Flat River, Missouri, started in 1899, the framing is entirely of 
iron and the roof and sides are of corrugated iron. The use of steel instead of 
wood seems to be on the increase. 

Some mills are painted outside, while others are not. In the former case 
red mineral paint is the kind most used, which not only helps to preserve the 
wood, but also aids somewhat in fireproofing. For the inside of the mill white- 
wash or white paint is often used which makes it lighter. 

Sloping floors are used in some mills, either to suit the slope of launders, as 
in almost all of the Lake Superior native copper mills, or to drain away water. 
Instances are given in Table 381. 


TABLE 381. — SLOPE OF FLOORS. 


MiU. 

Slope. 

Remarks. 

Floors sloping to suit launders. 

AUouez 

1 in 8 

A native cooper mill. 

40 

lin 10 

See Fig. 519a. 

Floors sloping for drainage. 

87 

lin 60 

Under jigs. See Fig. 6166. 

87 

1 in 100 

Under slime tables. See Fig. 5166. 

84 

lin 40 

Under vanners. See Fig. 6^a. 


§ 796. Power. — At this place will be considered only the general facts about 
the power used in the mills. For the details the reader is referred to the outline 
of each mill given in Chapter XX. Out of 70 mills, 27 use water power alone, 
36 use steam power alone, two* (27 and 28) use electric power generated from 
water, and four (29, 53, 69 and! 77) use water power supplemented by steam 
power whenever water is not sufficient, especially in winter. At Mill 77, even 
when there is practically no water for power and the mill is run by steam, the 
overshot water wheel is still run to keep it from drying on one side and getting 
out of balance. It also acts as a fly wheel. This use of steam to supplement 
water power is practiced abroad at Przibram and Clausthal. 

The use of water power is applied whenever possible, owing to its cheapness. 
There are three kinds of wheels: (1) The so-called impulse,, or Hurdy Gurdy 
wheels, including the Knight, the Pclton and the Dodd; (2) turbine wheels 
which act by pressure, of which the Lefl'ol is the most common in the m'ills; 
(3) overshot wheels, which act by gravity. There is also in Mill 81 a horizontal 
water wheel, which in a way is an impulse wheel, although run with much less 
head than most wheels of this class. A summary of the impulse wheels in the 
mills shows that a Pelton wheel is used in 18 mills (30, 34, 35, 53, 50, 57, 58, 
59, 00, 01, 03, 05, 09, 71, 73, 74, 75 and 70) ; a Dodd wheel in two mills (01 
and 64) ; a Knighi whe(‘l in Mill 72, and the kind is not stated in Mill 02. 
Of lh(' turbine wlu'cds, Tjeffel turbines are used in six mills (21, 30, 70, 85, 87 
and 88) ; and Victor turbines in Mill 38. Overshot water wheels are used in 
two mills (77 and 78). 

The kind of whed to be used' will depend chicdlv on the head of water. The 
head for im[)ulse wheels varies from 00 feet in Mill 71, to 900 hud in Mill 31. 
’'Pfie head for the turbine* wheels varies from 18 f(‘( t in Mill 21 to 58 fee*! in 
Mill 30. Regarding the comparative efficiencies of impulse and turbine wheels 
there does not appear to be any great difference, both giving 75 or 80% 
efficiency under the bCvSt conditions. The r(*aso'n that turbines are not comnionlv 
us(*d with high heads is that as the head increases (the power of the wheel 

♦ Since the above was written, Mill 59 has been changfed to use electricity and the water power is kept in 
reserve. 
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remaining constant) the size of the wheel decreases until it becomes almost toy 
size and its passages are so small as to be liable to clog. The speed of the wheel 
also increases at the same time until the number of revolutions exceeds the 
practical mechanical limit for good running; while on the other hand the 
simplicity of construction, mounting and running of a Pelton or Dodd wheel 
remains the same for all heads, the high heads permitting smaller wheels of 
stronger build. Just where this upper limit of the use of turbines will come 
will depend on the horse power. Mill practice, as previously shown, seems to 
put it at about 60 feet for powers below 100 horse power. At Niagara Falls, 
however, where the horse power is high (5,000 per wheel) and the wheels con- 
sequently large, they work under a head of 140 feet. 

Another disadvantage of turbine wheels is that when run below their full 
power their efficiency is considerably lessened. This disadvantage also occurs 
in some of the impulse wheels owing to the fact that the nozzle should have 
a gradual reduction toward the outlet for the greatest efficiency Thus a Knight 
wheel has a sliding tongue which cuts off part of a slot shaped nozzle. Some 
Pelton wheels have an arrangement for deflecting the nozzle so that part of 
the stream strikes outside of the buckets and consequently does no useful work. 
In case the change is permanent the efficiency may be restored by putting on a 
smaller nozzle. Some wheels have two or more nozzles acting at the same 
time and may be regulated by shutting off one nozzle. 

At Mill 61 an ingenious device is used for quickly varying the power without 
any loss of efficiency. Nozzles of different sizes with the proper curves inside are 
arranged so that any one of them can be rotated in front of the water pipe in 
the same way that a revolving disk diaphragm is used on a microscope or camera. 
In Mill 75 the nozzles are made of rubber, which permits the size to be varied 
by an outside clamp. 

Just as the turbine wheels have an upper limit of efficiency, so the impulse 
wheels have a lower limit owing to the fact that with low heads the velocity 
of the jet is low and the efficiency falls off. This limit does not seem to be 
exactly flxed. Mill practice as shown puts it at about 60 feet head, while manu- 
facturers^ catalogues go down to 20 feet head. 

Overshot wheels, even when of large size, have an efficiency somewhat less 
than impulse or turbine, generally not much abovf' 60%. They are also experihive 
to build and maintain, and occupy a large space, and on all these accounts are 
going out of use. The chief point in their favor is that iheir effieienev floes 
not decrease to any great extent when the amount of water is decreased. Urnler- 
shot, breast and current wheels have low efficiency, and were not found in (he 
mills. 

Occasionally it is possible to make use of the fall of ])ulp in a mill. Thus, 
in Mill 78, the tailings with their water drive the overshot wheel which runs 
the vanner. In the Martins huddle, winch ha^ found some application in ('‘orn- 
walP^® in the past, the feed pulp drove the revolving parts by means of an over- 
shot water wheel. As a rule, this scheme is not availahh', ^inee it roqnin"^ a con- 
siderable fall of the pulp, which is seldom practif-ahlo. Mill 27 takes the fail- 
ings water 14 miles awav from Ihe mill and nndc'r liend and nsf‘s il 1o 

drive Pelton wheels which run ihe generators for furnishing the eloetrie p{)wer lo 
the mill. 

§ 797. Steam is the most common source of power in the mills. Tin* boilers 
are almost always of the fire tube type, the only exception noted (although 
there may be others) being Mill 18, which has Babcock and Wilcox water tube 
boilers. The length varies from 10 to 20 feet, l)ut the most of them are 16 
foot. The diameter varies from 44 to 90 inches, average about 60 inches. The 
pressure used varies from 60 to 125 pound^ per square inch, average about 90. 
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It is a practice in some of the mills to have an excess of boiler capacity. This 
gives a good efficiency and allows one boiler to be shut down for repairs without 
shutting down the mill. Where the water tends to form scale badly, two large 
flues are sometimes used instead of a number of small tubes. This facilitates 
cleaning, but the efficiency is not quite so high. The boiler plant is in most 
eases considerably in excess of the engine plant, since in addition to steam for 
running the mill machinery the boilers may have to supply steam for heating, 
for drying, for pumping the water, running the machine shop, and, in cases 
where the mill is at the mine, for hoisting, running the compressor, etc. 

The form of engine used is mostly of the simple, single expansion, non- 
condlensing type. These were found in 31 mills (3, 10, 12, 13^ 14, 15, 16, 17, 
18, 20, 24, 25, 26, 31, 37, 43, 45, 46, 47, 48, 53, 55, 66, 68, 69, 77, 82, 86, 90, 91 
and 94). These include engines with common slide valves, piston valves, poppet 
valves and Corliss valves; and engines with throttle governors and automatic 
cut ofls. Compound engines are used in seven mills (39, 40, 67, 83, 84, 91 
and 92). These include tandem compound and cross compound, engines with 
receivers and without, and engines with condensers and without. Triple 
expansion engines were found in the two largest mills (44 and 91). 

Where power is to be conveyed to a considerable distance, steam is at a 
disadvantage on account of loss from condensation. If the steam pipe passes 
through a space which is to be heated there is no harm in leaving the pipes 
uncovered, in which case about five times as much water of condensation will 
be obtained as would if the pipe were well covered. A good steam separator is 
necessary to prevent the condensed water from reaching the engine. This method 
of heating is, however, not so economical as the use of exhaust steam. Steam 
pipes should not be allowed to touch wood. For this reason the hole in a partition 
shojild bo larger than the pipe, and where a pipe passes near woodwork, sheet 
metal .shields should be hung between the pipe and the wood. At Mill 83 the 
steam pipes are covered with asbestos. Where dry steam is needed for engines at 
some distance from the boilers, a steam separator is necessary. 

§ 798. Gas, gasoline and oil engines were not found in any of the mills visited 
by the author. The location of mills would prohibit the use of gas as a rule, 
but there scorns to be a field for gasoline and oil engines in localities where coal 
and wood are doar and there is an insufficient supply of water to generate 
steam. The usual precautions to guard against fire should be taken. A plant®^® 
of four gasoline engines has recently been installed at the Fuller mines near 
('‘anon, Yavapai County, Arizona. A 10-horse power engine drives the Gates 
))reakor at the mine opening, a 38-horse power engine runs a 10-stamp battery 
and the electric lights. A 6-horso power high speed engine, especially designed 
for steady and uniform speed, runs the concentrators. A lO-horse power engine 
pumps water up 150 feet and through 3,100 feet of pipe line to the mill. The 
four engines consume about 100 gallons of gasoline per 24 hours, making the 
total (‘ost For power for 24 hours about $17. 

^ 799. Fl(‘ciriciiy is used as a motive power in two mills (27 and 28). This 
is a comf)aratively recent method of transmitting power, the first application 
of (d(*ctricity to mining having been made at Aspen, Colorado, in 1888, and 
henc(‘ its use as yet is not very extensive. Wherever electricity has been applied 
it has been very succ'cssful. The advantages of its use are that electric motors 
require less attention and repairs than steam engines, and at the same time they 
are much more efficient in transforming electricity into work than steam engines 
are in transforming calorific power of steam into work. The loss in transmission 
is less wiili electricity than with steam. Mill 27 will serve as an example of 
the saving that can he made. This mill is in a remote and somewhat inaccessible 
place, and coal costs $10 per ton. By the use of a water power miles 
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distant and electric transmission as described with the scheme of this mill in 
§ 684, they have made a great saving amounting to the cost of the power plant 
every year or two, and permitting the profitable working of the property at 
times when it would not otherwise have paid expenses. At Silverton, Colorado^ 
a multiphase plant transmits power three miles up the mountain to the Silver 
Lake mines to run the miU, hoist, air compressor, pumps, blowers, machine 
shop and lights. There is probably a saving of $36,000 per year over steam 
power. Coal previously cost $8.75 per ton at the mine. At the mill a boiler 
is kept warm all the time and a steam engine is held in reserve to be used in 
case of accident. 

An instance is given of the location of an electric power plant at a coal mine 
near Madrid, New Mexico, and the transmission of the power under a pressure 
of 20,000 volts to the Cochiti and Navaho mines and mills at a distance of 
about 30 miles. 

The economical advantage that electricity has in machine shops, namely, that 
individual machines running intermittently can each have a separate motor 
and thereby save power over the use of one large central motor, does not exist 
in concentration plants where the machines run continuously. 

§ 800. In regard to the question whether it is better to use one central motor 
or engine or to use individual motors in various parts of the plant, the mills 
show that both practices exist. Out of 39 mills using steam power, 33 have 
one engine for the concentrating plant, while 6 have two or more engines in 
different parts of the plant. Of 28 mills using water power, 15 have but one 
wheel each, while 13 have two or more. The advantage of having but one 
engine is that of economy. The effect of the installation of the large triple 
expansion engine at Mill 44 to furnish power for the whole concentration plant, 
instead of using several small engines, was to cut the coal bill down to one-tenth 
its former size. The policy of this company now is to have the large engine for 
regular running and to have large single cylinder engines with early cut off, 
located in various parts of the plant, to be used as spares in case of emergency. 

Provided' the variations in load are not too great, it matters not how many 
machines are operated from the same motor as long as the motor is not over- 
loaded and as long as it has a good, speed governor. Certain machines, more 
especially the vanners, require to be run at a constant speed. It is probablv 
for this reason that the majority of the gold stamp mills using waior power 
have a separate water wheel for the vanners. At Mill 71, which has a separate 
motor for the vanners, the number of rotations per minute of the sliafl driving 
the vanners is shown on a dial, and the vanner man lets on or cuis down the 
water whenever the number of rotations goes below or above the normal. Mill 
73 experienced trouble with the vanners run from a wah^r wlund receiving water 
from a pipe with pressure varying from the irregular demands of othcT wheels 
supplied by it. As the rock breakers are the most irregular users of pow(‘r, thev 
are in many mills driven by a separate motor at the mill, or tliey are localed 
at the mine. This subject of the location of the rock breakers will bo discuss(‘d 
later in §821. Mill 87 ensures the smooth running of the jigs, tronuruds, 
vanners, etc., by driving them from a special turhine whe(‘l supplied wiih a 
governor, while all the crushing machincTy in the mill is driven ])v anoilun* 
wheel. In Mills 2d, 57, 65, 73. 74 and 01, the use of several motors w(dl 
illustrated, as may be seen by reference to Chapter XX. 

§801. It will be of interest to have a rough rule by which to calculaie the 
horse power required per ton of ore treated per 21 hoiirs. Of conrs(‘, ibis will 
vary in different mills with the kind of ore and the method of trc'ating if, and 
it will even vary in the same mill owing to .flight changes of vfdocitv nr of ih(‘ 
speed of feeding and discharge, or of the size of material fed to tlu‘ bn^akers. 


i 
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For these reasons average figures can have only a general value. The following 
are the figures obtained', the figures in every case being the horse power required 
per ton treated per 24 hours by the mill: One stamp mill (56) on cement gravel 
uses 0.15 horse power. Nine stapqip mills pn quartz rock range from 0.39 to 
1.45 horse power, average 0.86, Three combination silver mills range from 
1.82 to 3.33 horse power, average 2.42. Nine mills containing trommels, jigs, 
classifiers, vanners, etc., of which eight treat ores containing galena, while one 
treats very soft pyrite ore, range from 0.12 to 0.50 horse power, average 0.33. 
Seven mills similar to the last, but on harder ores, range from 0.50 to 1.00 hors'" 
power, average 0.78. Four Lake Superior mills treating native copper rock range 
from 0.32 to 0.77 horse power, average 0.59 ; this does not include the power used 
in the rock houses which would raise the figures slightly. Edison, at Mill 91, by 
special devices gets the power down to 0.21 horse power on hard ore. In 
making the preceding calculations three points were brought out: First, as 
a rule about 80 or 90% of the power used in a mill is used in crushing, and 
only 10 or 20% for concentrating. This is an argument for avoiding crashing 
whenever possible. Second, the combination mills using amalgamating pans 
require the most power, probably owing to the fine grinding that is done. Third, 
mills treating galena ore require less power than similar mills treating other 
ores. 

§ 802. Belting is commonly used for the transmission of power short distances. 
For long distances belts are liable to have an unsteady flapping motion which 
is bad for both the belt and the machinery. There are three chief kinds : leather, 
rubber and canvas, the second being the most common in concentrating mills. 

Of leather belts, the best kind is considered to be the oak tanned. The 
common rule for proportioning them is that a single belt 1 inch wide running 
at 1,000 feet per minute, transmits 1 horse power; a double belt needs to run 
at only 700 foot per minute, or even 500 feet if it has good length, in order 
to do the same. Taylor,^^^ however, says that to get the longest life witli 
the least attention for stretching, a double belt 1 inch wide should run 
at from 950 to 1,100 feet per minute to transmit 1 horse power. For 
fastening the ends, lacing or clamps may be used, or they may be scarfed, 
lapped and cemented together with or without rivets. The last gives the 
strongest joint, but lacing or clamps are preferable for new belts where they 
have to be frequently tightened to take up the stretch. Care should be taken 
never to put belts on too tight, as this will cause high friction with subsequent 
hot boxes, wear of oil and babbitt, and perhaps broken pulleys. Taylor recom- 
mends that for a double leather belt when at rest the tension be not more than 
71 pounds per inch of width, in order that the belt may have long life. Vertical 
Ix'lts require to be tighter than horizontal, since their weight docs not help the 
driving friclion; for this reason they should be avoided as far as possible. To 
red'ii('(‘ frudion in tlie boxes of a shaft it is best to have belts running in both 
d’iro(‘tions from it. In putting on leather belts, placing the smooth or flesh 
side next io the pulley gives the greatest adhesion, but this leaves the rough or 
grain side out, wliich has less tensile strength than the smooth side; the grain 
side is also harder and stands the wear better if put inside. To give the 
gn'atest arcs of contact, the under side of a horizontal or inclined belt should 
be the tight or driving side. To get the greatest adhesion Ixdween the pulley 
and the belt the surfaces of each vshould he as smooth as possible. Lagging an 
iron pulley with leather increases the adhesion 50%. In caring for leather 
belts, oil should! not be allowed to drip upon them, as it shortens the life of 
the leather; they should not be put in very hot, cold or damp places. When they 
become dry from use they should be dressed with blood warm tallow, which 
is allowed to drv before the fire or in the sun. If very hard' and dry, they 



1094 


ORE DRESSING. 


§ 803 


should be dressed with neats foot or liver oil mixed with a small quantity of 
resin, which prevents the oil from injuring the belt To stop slipping, common 
bar soap or resin is frequently used. Oil should never be applied to stop 
slipping, since its action is that of a lubricant and promotes rather than prevents 
slipping. 

Rubber belts are very durable, stand heat, cold or dampness better, and have 
greater strength and less slip than leather. Grease is bad for rubber belts, as it 
decomposes the rubber. To preserve them they may be painted with a com- 
position made of equal parts of red' lead, black lead, French yellow and litharge 
mixed with boiled linseed oil and japan enough to make it dry quickly. If a 
rubber belt slips from dust or other cause, moisten the inner side lightly with 
a little boiled linseed oil and sprinkle with chalk. A little dry resin will often 
stop rubber belts from slipping. Vezin holds that with proper usage rubber 
belts need no dressing, and the compounds generally used to prevent slip almost 
invariably contain grease, which decomposes the rubber, and at the same time 
dirt soon mixes with the dressing and forms knobs all over the pulleys. 

To keep belts at their proper tightness and obviate frequent tightening, as 
well as to give ample warning of its necessity, tightening pulleys or idlers P 
should be used, working preferably on the slack side of the belts, as shown in 

Pig. 528. These should be hinged at H so 
that they may adjust themselves. The pres- 
sure exerted by them should be adjusted by 
weights in the box TP or by a rope and a 
counterweight. The weight should corre- 
spond to the size of the belt and to the 
amount of its deflection from a straight line. 
As the latter increases with the stretch of the 
belt it becomes necessary to increase the pres- 
sure of the tightener. Loose ropes should be provided to lift the tighteners quickly 
off the belts whenever necessary. The best siplice to insure smooth running 
of high speed belts over tighteners is the scarfed, lapped and eement(‘(l leal her 
belt or the endless factory made rubber belt. Where a laced joint must bo 
used the diamond lap splice is best; for moderate speeds, the ordinary butt 
splice may be used. According to Vezin, the total stretch of a good b(‘It, whelh(‘r 
leather or rubber, if properly treated and not ^llbicct(‘d to oxc‘es^ivc strains, oiiglit 
not to be more than or 2%. Taylor says that the total stretch of leather 
bolting exceeds 6% of the oiiginal length. 

The use of open belts without tighteners often involves a slip of from 2.5 
to 3%, which must be allowed for in the calculations. With the use of well 
proportioned belts and tightening pulleys, this figure is reduced to 0.5%, whic'h 
represents the creep and not slip, and may ordinarily he neglected. 

In Mill 91, Edison prefers canvas belts sewed togethcT and soaked in linseed 
oil. Rubber belts are next best, but as they are not stitched they an* liable 
to split. He favors leather belts the least, as they cost too rniieh and do nnl 
wear any better. Belt clamps are used for fasteming, and all mam bidls liave 
tightening pulleys which are lagged. Mill 92 us(‘s a make of (‘anvas la II mg 
called the Gandv (see § 028). The common opinion in regard to (MTivas ladling 
is that it is not so elfudent in transmitting power as either leather or riihlau’. 

The belts in Mill 94 are designed, when running, to lui\(‘ 51 pounds tension 
per inch of width on the tight side of single leather or 1-ply rnhlicr, and 90 
pounds for double leather or O-plv rubber. 

§ 803. Rope Transmtsstott. — The advantages of ropes eitbiT of wire or bernp 
for the transmission of power are that they can be used to drivi' at any angh* 
by the use of intermediate -heaves, and they always give warning of a break. 
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Unwin®*^ says that when transmitting full power the efficiency of the system is 
remarkably high. Probably for moderate distances the efficiency is greater than 
with any other mode of transmission. iBnt the waste of work is the same for 
all loads transmitted, so that when working at less than power the efficiency 
falls off. 

Wire ropes are usually made of six strands with a hemp center. Each strand 
commonly contains either 7 or 19 wires; sometimes 12 or other numbers are 
used. The 19-wire strand is preferable for power transmission, since it lasts 
longer, owing to its greater flexibility, although the small wires do not stand 
surface wear as well. The life of wire rope is also diminished by having short 
bends in it. The diameters of the sheaves for 7, 12 and 19-wire strand ropes 
should be at least 150, 115 and 90 times the diameter of the rope, respectively. 
For wire rope, the groove in the sheave is circular in section, and the rope 
rests in the bottom of the groove usually on a filling of rubber, leather or wood, 
to give higher friction than iron. For hemp rope, however, the groove is made 
V-shaped, and the rope never touches the bottom, but is wedged between the 
sides of the groove. The life of wire rope for driving is lengthened by lubrica- 
tion either with linseed oil or with some one of the various compositions that are 
on the market. Care should be taken not to load the rope excessively since it 
will then continue to stretch after the first stretching customary with a new wire 
rope has passed, and thereby cause frequent stops for retightening. 

The limit of economy of rope transmission is about a mile in distance. Where 
long spans are used, intermediate supporting pulleys are required, fewer for the 
driving side, however, than for the slack side. A better scheme than this, how- 
ever, is to use intermediate stations at each of which are two sheaves for contin- 
uing the transmission by a new rope. The efficiency decreases however as the 
number of stations increases as is shown in Table 382, from Stahl.^® 

TABLE 382. — EFFICIENCY OF WIRE ROPE TRANSMISSION. 


Number of Inter- 
mediate Stations. 

Efficiency of 
System. 

Power Wasted. 
Percent. 

Number of Inter- 
mediate Stations 

Efficiency of 
System. 

Power Wasted. 
Percent. 

0 

0.962 

8.8 

S 

0 908 

9.2 

1 

0.944 

5.6 

4 

0.890 

11 0 

2 

0.925 

7.5 

5 

0.873 

12.7 


In order that the rope may drive satisfactorily it must have a certain amount 
of deflection or sag. The proper deflections when the rope is at rest are shown 
in Table 383. It is found in practice that it does not drive satisfactorily on 

TABLE 383. — PROPER DEFLECTIONS OF ROPE AT REST. 


Span in feet 

50 

100 

160 

200 

250 

800 

3.50 

400 

450 

Deflection in inebes 

1% 

7 


27% 

4m 

62H 

84% 

110% 

140 


spans less than 54 feet unless tightening sheaves are used on the slack side of the 
rope. The usual maximum span when the under side of the rope is the driving 
side is about 370 feet, but by using the upper side as the driving side longer 
spans may be used — in one instance as much as 1,700 feet. 

''rhe use of rope transmission is quite common in the mills. Among the 
instances are the following: Mills 83 and 84 use manilla rope transmission for 
their main power lines. Mill 38 transmits about 450 feet from Ihe power hou‘^e 
to the mill by wire rope but uses belts in the mills. A proposition to rephne 
this by electric transmission was vetoed as not effecting any saving on such a 
short distance. Mill 44 has one central power house and uses wire rope trans- 
nflission to the various parts of the plant. This svstem replaced the former sa'-- 
tem of individual engines in each department and ther(‘by reduced considerabh^ 
the cost of power. 
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In transmitting power at Mill 94 it is considered to be essential that 
the section of the groove in -which the wire rope runs be a perfect 
circle; otherwise there will be too much vibration in the rope. This should be 
at once remedied by turning out the groove with a gouge. In this mill no 
lubricant is applied to the rope, as it is claimed that the grease decomposes the 
rubber filling of the sheaves and gradually destroys it. 

In the Anna dressing works at Przibram power is transmitted by wire 
ropes, the condemned hoisting ropes from various shafts being utilized for this 
purpose. 

The field of wire rope transmission has been ‘considerably narrowed by 
electricity, and several instances are known to the author where electricity has 
replaced it in coal plants. Its disadvantages are that it is somewhat troublesome 
to maintain in good running order since the variation of length with the tempera- 
ture is not adequately provided for by tightening devices. 

§ 804. Gearing has the advantage that it affords a positive motion without 
any chance of slip. Its use is to be avoided, however, as much as possible, since 
it wears rapidly from dust and causes increased loss of power by friction unless 
cut gears efficiently lubricated and protected from dirt are used. Mill 91 even 
goes so far as to run gearing in oil. Cut gears have less loss from friction than 
cast gears. The special field for gearing seems to be in its use as bevel gears 
to change the direction of transmission of power through 90°. Thus, at Mill 
25, the two engines are geared to the same transverse shaft by miter gears and 
this transverse shaft drives the four line shafts in the mill through other miter 
gears. One of the engines also drives a fifth line shaft direct. 

§ 805. Sprocket and Chain Drive is used, to some extent in the mills, chiefly 
on elevators and trommels. As a rule, however, it is not favored owing to the 
trouble resulting from its complication and necessity of frequent repairs. 
Whenever used, frequent inspection is necessary to avoid breaks as far as possible. 
Mill 27 reports that half the stoppages were due to the sprocket gears of the 
trommels. A similar state of affairs existed in a certain coal screening plant. 

§ 806. Friction Clutches are quite common in the mills, being used to 
connect various sections of the plant to the main shafting, for example, for the 
connecting or disconnecting of either a single or a double battery in a stamp 
mill. They should never be thrown in with a jerk, but be made to tak(* up 
their load gradually so that the driving machinery attains its full sp(‘ed with 
an approximately uniformly accelerated motion. 

§ 807. Design oe Machines. — In choosing machines there are certain points 
to be looked after. Perhaps the first and most important one is slnmglh. IMiis 
is more essential in milling work than in anv other line, since milling machinery 
in many instances goes into remote and inaccessible districts where a bn^ak 
down means much loss of time, delav and expense in replacing the brokcui pari. 
Strength does not necessarily imply that the machine should Ix' hug(‘ and 
cumbersome, but that it should he so designed that tlie stock is put in wlu'n* 
the stresses occur. Superfluous stock does no good, and it lias tb(‘ disad- 
vantage that it raises the original cost and also ih(' freight charges. McOal- 
lum^*^® considers that there is room for considiTable improvement in this n'spect. 
He advocates that the size of the parts be proportioru'd according to I be calculaled 
stresses, such modifications being made as intelligent inierpreiai ion of ili(‘ r(‘sul1s 
of practical experience show to be necessary. The sfrengfli and weight should 
never be so low, ho'wever, that the machine lacks rigidity, and is unabh* to absorb 
vibrations. It follows that sectional machines are to be avoided unless the con- 
ditions are such as to make their use absolutely necessary. 

The second important point is sirnplicitv; that is, of two machines of the 
same type always use the one which has the f(>west numbcT of parts, other things 
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being equal, since the simpler machine is the easier to keep in good running 
order. A good machine does not have to be well finished all over, since certain 
parts can always be made rough without any detriment. In some places too 
much care and finish can not be given; for example, in journals and their align- 
ment. The author cites a case of a manufacturer who makes a certain piece 
of apparatus in which a great many of the parts are machined so as to be not 
only smooth running, but also pleasing to the eye. Other manufacturers of the 
same apparatus make only those parts machined which are necessary for smooth 
running. The latter apparatus, though it does not shine so much as the former, 
runs quite as well and costs less. Attention should be paid to the wearing parts 
of the machine. They should be easily removable, and should be so designed 
that when they are worn out only a small amount of the material should be left 
to be thrown away. 

High speed is to be avoided as far as possible in milling machinery, since 
with the scant care usually bestowed in mills, when once the machine begins 
to get out of order, it is liable to shake itself to pieces. 

The use of standard machines with easily replaceable parts is to be recommended 
on account of the time and money saved by their use. A great variety of 
machines in a single mill doing the same work is to be avoided, as each requires 
its own set of supplies, and each kind of machine has its own idiosyncrasies to 
l)e learned and cared for by the mill force. If all the machines are alike, saving 
in both these directions is effected. The author believes that it pays to carry 
this principle of replaceable parts even so far as to have models, drawings, 
templates or gauges for the wearing parts giving the proper sizes ; for example, 
io show the exact dimensions of the shoe and stem sockets in stamp bosses, to 
show the taper of the shoe shank and of the stems, to show the right size of 
the jaw and cheek plates in breakers in order that a new set may be sure to 
fit, to show the proper sieve dimensions, height of tailboards, etc., on jigs so 
that one jig will not have a tailboard 4 inches high while its neighbor treating 
the same 'material has one only 3 inches high. There are many other similar 
examples that might be mentioned. 

^ 808. Lubrication and Care of Journals. — There are three elements of 
cost in lubrication: that of the power consumed in friction, that of the oil used, 
and that of the wear in the boxes. As in all other places where machinery is 
used, so also in a concentrating plant, lubrication is an important matter. Care 
in ibis may make iho difference between a dividend and an assessment. 

The qualities of a good lubricant as given by Kent^'^ are: (1) Sufficient body 
or viscosity to keep the surfaces free from contact under maximum pressure. 

(2) The greatest possible fluidity consistent with the foregoing condition. 

(3) The lowest possible coefficient of friction which in bath lubrication would be 
for fluid friction approximately. (4) The greatest capacity for storing and car- 
rying away heat. (5) A high temperature of decomposition. (6) Power to 
resist oxidation or the action of the atmosphere to cause gumming. (7) Free- 
dom froin corrosive action on the metals. Conditions (1) and (2) are fulfilled 
by the following oils in the order named: good mineral oils; sperm; neats-foot; 
lard oil ; the first being the best. Kent also gives the best lubricants for different 
piir})oses as follows: 


Low temporatiires as in rock drills driven by coni- 

press(*d air 

Very ^reat pressures, slow Rp*‘f‘d 

TTeac^y pressures, with slow speed 

Heavy pressures and liierh speed 

Light pressures and high speed 

Ordinary machinery 

Steam cylinders 


I r.ight mineral lubricating oils 

Graphite, soapstone and other solid lubricants. 

The above, and lard, tallow and other greases. 

Rperm oil, castor oil and heavy mineral oils 
Sperm, refined petroleum, olive, rape, cottonseed. 
Lard oil. Tallow oil, heavy mineral oils and the heav- 
ier vegetable oils. 

Heavy mineral oils, lard, tallow. 
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The mineral oils for ordinary machinery should have a specific gravity of 25° 
to 29° Beaume and a fiash point of 360° h\ 

To mineral oils to be used for ordinary work it is usual to add about 26% of 
animal oil which adheres better to the metal while the mineral oil in turn adheres 
to it. The liability of animal oils to decompose into free fatty acids is the dis- 
advantage of the mixture. Neats foot is probably the least objectionable on this 
score. 

The mill man unfortunately has as a rule no means of making the usual tests 
on oil and is therefore at the mercy of the seller. It is possible however to make 
a rough test of the lubricating value of different oils by noting the relative times 
it takes a given bearing to get hot after having been well oiled and run with each 
sample. 

For use in a great many places about a mill the suggestion has been made to 
the author that the use of hard lubricants of the type of Albany grease (skim- 
mings from glue manufacture) is very suitable. These have the advantage that 
being applied under pressure of a spring and from closed cups they work from 
the cenW of the journal toward the ends where a grit collar is formed pre- 
venting the entrance of dust. They require no attention beyond filling, since 
they stop feeding automatically when the machinery is not in motion. 

§ 809. WTierever possible, lubrication should be continuous whether oil or 
thick grease is used. This keeps friction as low as possible and at the same 
time serves as an additional safeguard against grit getting in at the ends of the 
bearings. 

The cutting of bearings and gears is generally due to grit. This must be 
kept out by all precautions — ^by having covers which are removed only when there 
is no chance of dust getting in, and by the use of oil free from dirt. With 
these precautions the use of cotton waste over an oil hole to filter out dirt is 
not necessary, except in a few cases where a cover can not be removed without 
exposure to dust. 

At Mill 91, as a result of considerable study, Edison has 
installed a pipe system by which between 4,000 and 5,000 
bearings are automatically oiled and the excess of oil flows 
back, is filtered and pumped up to the store tank holding 
4,000 gallons, from which it flows on its way to again lubri- 
cate the bearings. The best grade of habbiit is used on bi^ 
bearings. On his conveyor axles he lias a device, shown in 
Fig. 529, in which R is a reservoir made dust tight by th(^ 
stopper S held by the spring T. The oil tlius works 
through the journal, and at Iho oiluu- end a pin 
causes the formation of a proheting collar of oil, dust 
and grit. The reservoir holds 75 grams of oil and is ndilU^d every two rnonihs. 
Even with all his friction saving and lubricating device's, lu* finds that (>5% 
of the power developed by his engines is used up in friction. 

At Mill 5, on the log washers, whore the motion is not vt'ry r.ipid, the' Ix'arings 
are kept well protected from grit, and the utmost pn'caiit ion is nsc'd to ki'cp 
them well greased with a heavy, thick gr(*ase. 4'h(‘ firessure and the* width of 
the bearings is so groat that, if grit gets in, it grinds ii[) vi'ry firu' and does 
not wear the hearings very much. 

§810. Heating the Mill. — ^This is usually doiu* hy stx'am fiipes, using thi^ 
exhaust steam from the enainos. Mill (hi lias a sli{‘(‘l iron driim IS inchi's in 
diameter running along in front of th(‘ amalgamated apron plal(‘s and into 
this the exhaust steam passes. The Lake Supirior (xipfx'r mills u^c tin* exhaust 
from the steam stamps. Mill 3S, wlindi is run hy wati'r powi'r, has sp(‘cial • 
boilers to generate steam for heating. Mill ‘12 i^ luxated hy c-oils of l-ineh ])ipe-, 



FIG. 529. — ^Edison’s 
OILING DEVICE. 
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receiving the exhaust steam from the steam stamps. The new mill at this place 
is heated by ordinary radiators and coilt, of or ;i{-inch pipes, using mostly direct 
steam at reduced pressure from the boilers, although some exhaust steam is also 
used. 

At Mill 40 the ore in the sorting house bins is kept from freezing, even in 
coldest weather, by carrying the exhaust steam from the hoisting engines through 
pipes under the inclined bottoms of the bins and having the underspace well 
housed. 

Vezin recommends instead of putting steam pipes into the various places, which 
it is desired to heat, that a complete heating apparatus consisting of a chamber 
full of steam pipes, as made by the B. F. Sturtevant Company, of Boston, be 
used. Air is heated in this and blown in at the top of the room to be heateid 
while the out draft is at the bottom of the room. In this way if the ceiling 
or roof is tight, the space is heated in the most economical manner and with 
nearly the same temperatui-e at the floor as at the ceiling. This method is in 
actual use at the new Dufferin mill, Halifax County, Nova Scotia, where the 
building has also been made extra tight to keep out the cold as much as possible. 

The scheme of heating the hand picking part of Mill 13 has already been 
described in § 368. 

In many European mills large stoves are much used for heating. At the 
Himmelfahrt mill, at Freiberg, which is comparatively modern, steam, both 
direct and exhaust, is used. 

§ 811. Ventilation and Dust Peevention. — As far as the presence of 
impure air is concerned, the ventilation of a mill takes care of itself, but it 
is the occurrence of hot air and of dust that makes ventilation necessary. Hot 
air may be let out at the top of the building by swinging shutters on all four 
sides of the building. These are controlled from below by cords or rods. By 
having openings on four sides it is always possible to have the outlet on the 
lee side of the building. Permanent openings in the roof are to be condemned. 
Dust is bad not only for the workmen, but also for the machinery. In most of 
the wet concentrating mills water is added to the ore very early in the process, 
(‘ithcr at one of the crushing machines or during the screening, and the amount 
of (lust that is formed is * - it is only in dry mills such as pneumatic, 

magnetic,! sampling and cyanide plants that a large amount of dust is formed. 
For removing it, the use of permanent openings in the roof or the opening of 
doors and windows is very in(‘fTicient and in cold weather inapplicable. The 
only proper method is to use an exhaust fan, which should be connected with 
all elevalor, screen and roll casings, so as to produce an inward draught and 
llnis r)n‘V(‘nt dust from getting out into the mill at the poinK where the dust 
is made. In order that the fan may be efficient, the various 
casings should he made as tight as possible. To do this, ^ 

y(‘zin r(‘com mends that they be made of common rough M 

lumber, whicli is planed ofl* for about an inch each side of ^ 

the joint and strips of cotton cloth about IJ in(*h(‘s wide ^ 

are glued on, as shown in Fig. 530. The glue should be ^ 

thin and the cloth must be damp (wrung out). While 530. eig. 531. 
still soft the cloth is pressed into the crack, as sliown in nn^T-PPonN^- 

Fig. 531, with a spatula or dull case knife. This al- ' nievicii: 
lows for shrinkag(‘ of the wood. Tlie cloth is finally 

brushed ov(u* wdth glu(‘. The joint thus made is superior to the best match(‘d 
hoarding. Ida' fan should have a five discharge passage into tfie air, or if tlie 
dust is valuahh' a dust ('hamlxT with hallle plat(‘s will cahdi the most of it. 
Passing th(‘ dust throuLdi a rain of water or atomized waicT will also settle it. 
The use of hanie y)lat(s without a nuluction in velocity is of very little value. 
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Hoppers in the passages serve to catch particles which might otherwise settle 
and gradually reduce the area. 

Mill 91 treats the ore dry, and in most of the machinery no casing is used. 
As a consequence, the dust is very thick, even though there are ventilating fans 
in the sides of the building. The workmen wear sponge respirators, which are 
soaked with water in summer and glycerine in winter. 

§ 812. Lightiistg. — Sufficient side windows should be provided so that the 
quality of the work of the machines may be readily seen. Heavy glass skylights 
in the roof are even more efficient than side windows. Whitewashing the inside 
of the mill will help the lighting immensely. For night work, electricity is 
best, as it is the most convenient, avoids danger of fire and' is cheap and clean. 
Incandescent electric lights should be surrounded by heavy wire netting where 
there is any danger of being struck. The electric arc light enables the natural 
colors of the minerals to be best recognized, and is preferable for hand picking. 
Electricity is almost universally used to-day, except in a few of the older or of the 
smaller mills. A dynamo placed in the engine room is usually sufficient for 
the lighting of all the buildings of a small mining and milling plant, and the 


TABLE 384. — LABOR REQUIRED IN THE MILLS. 


MiUNo. 

Men Requir- 
ed per 24 
Hours, (a) 

Capacity per 
24 Hours. 
Totis. 

One Man 
Treats per 24 
Hours. Tons. 

Waeres 
per Man 
per Shift. 

Total Cost 
per 24 Hours 
for Labor. 

Cost per Ton 
for Labor. 

Cost of 
Board per 
Month. 

2 

(6) 2 

(6) 8 

(6) 4 





ft 

lb) 9 s 

(6) 50 

(6) 5.6 

$1.75 




10 

(b) 6 8 

(6) 100 to 120 

(b) 16.7 to 20 

1.50 to 2.50 

$14.76 

$0.12 to 0.15 


12 

(b) 17 8 

lb) 120tol;^5 

(6) 7.1 to 7.9 

0.40 to 8.00 

19.46 

0.14 to 0.16 

$15.00 

13 

(6)21 a 

(6) 150 

(b) 7.1 

0.50 to 2.00 

20.80 

0.14 

13.00 

15 

(6) 4« 

(6) 88 

(6) 8.3 

1.75 to 2.50 

8.25 

0.25 

16.00 

1 ^ 

10 a 

95 

9.5 

3.00 to 5.00 



SQJK) 

20 

13 a 

175 

13.5 

2.25 to 5.00 

35.50 

0.20 

30.00 

21 

7a 

40 to 50 

5.7 to 7.1 

2.25 to 8.00 



22^ 

22 

16 a 

176 

10.9 

1.25 to 2.00 

24.35 

0.14 

16.00 

24 

23a 

100 

4.3 

0.70 to 1.50 

43.00 

0.43 

12.00 


61 a 

900 

14.8 

0.75 to 2.50 



liLSO 



26 

28 a 

200 

7.1 

2.00 to 3.50 

76.^ 

0.38 

20.00 to 25.00 

27 

23a 

120 

5.2 

2.60 to 4. (X) 



3(1 (K) 

2S 

(6) 15 a 

(6) 100 

(6) 6.7 

2.75 

41 25 

0.41 

3o!oo 

29 

25a 

350 

14 

2.50 to 3.00 



2(> (K) 

80 

24a 

530 

22 1 

2.50 to 3.50 

72.25 

0.14 

26 00 

3 

15 a 

200 

13.3 

8.00 to 5.00 

55 50 

0 28 

30 00 

32 

13 w 

500 

38.5 

3.00 to 5 00 

46.50 

0.09 

30 00 

34 


300 

21.4 




8(1 00 

36 

14 w 

2.50 to 300 

17.9 to 21 

3.50 to 5 00 

50.50 

0 17 to 0.20 

30 00 

40 

23 a 

275 to 300 

12 to 13 

3.00 to 4 50 

82.00 

0 27 to 0.30 

30 00 

43 

16 a 

150 

9,4 

3.00 to 3.50 

57 50 

0 38 

30.00 

53 

10 w; 

90 

9 

8 00 to 4.50 

35.00 

0 39 

80 00 

55 

23a 

180 

5 6 

3 50 to 4 50 

90 50 

0 70 

30 00 

57 

5 w 

64 

12 8 

2 25 to o 00 

18 00 

0.28 


58 

4 w 

80 

20 

2 50 to 3 00 



’ 22.00 

59 

7 w 

60 

8 6 

1 50 to 3 50 




61 

6 w 

115 to 128 

19.2 to 21.3 

2.00 to 3.. 50 



22 00 

6-* 

5 w 

100 to 150 

20 to 30 

2 50 to 3 00 



20.00 

64 

ms 

93 

20.7 

2 50 lo 4 00 




66 

400 

20 H 

2.. 50 to 8 00 

64 ;w 

0 16 ‘ 


67 

7 8 

50 to 65 

7 1 to 9 3 

1 20 to 2 50 

11 60 

I) 18 Ui 0 2:1 

1.5 0(1 17 (M) 

68 

15 a 

105 

7 

3 (M) lo4..50 



30 00 

69 


100 tolls 

12 to 13 8 

3 0.) lo 3 50 

27.. 50 

0 21 loO 28 


72 

5 w 

120 

21 

2 .50 to 3 00 



24 00 

73 

8w 

30f) 

37 .5 





74 

8 w 

300 

37 5 





75 

4 w 

152 

HH 

2 00 to 3 00 

11 (M) 

0 07 

22 00 

77 

11 or 12 w 

85 

7.1 to 7 7 

2 15 to 6 00 

36 25 

0 43 

22 00 

78 

Sw 

100 

.33.3 





79 

2w 

120 

()0 

2 .50 t<’> 3 00 



21 00 

80 

7 

400 

57 1 

1 .50 




81 

3 or 4 w? 

12 to 16 

4 





82 

39 a 

no 

2 8 

3 (10 to 4 .50 



:i() ()() 

83 

32 a 

120 

3 K 

2 (K) to 4 tH) 

85 50 

0 71 

22 .50 

84 

31a 

100 

3 2 

2 00 to 3 .50 

83 25 

0 83 

25 00 

86 

10 a 

75 

7 5 

2 .50 to 4 00 

30 .50 

0 41 

22 00 

90 

4 a 



1.10 to 1 2.5 



17 00 

91 

112 a 

4,’ood ‘ ' 

’ “ ' 35 7 ’ ’ 

1 






(a) »— steam power, water power. (6) Only work oue shift of about 10 hours 
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attention necessary is confined to the starting, stopping and occasional oiling 
and inspection. Some plani^ have installed a spare machine to use in case of 
accident or emergency. If oil lamps are used around amalgamated plates, great 
care should be taken to avoid oil on the latter. 

§ 813. Laboe in the Mills. — The tendency of modern ore dressing mills is 
to reduce the quantity of labor required, and at the same time to raise the 
quality of it. The work requiring intelligence is carefully kept separate from 
the purely mechanical on the theory that a man cannot give satisfactory results 
if he is working both his brain and his body at the same time. 

For an enumeration of the men required in the individual mills, the reader 
is referred to Chapter XX., but a summary of the labor required in different 
mills is shown in Table 384. For purpose of comparison, computations have 
been made of the tons treated per man, and also the cost per ton. The table 
shows that the amount treated per man varies greatly even in mills, of the same 
class. This variation is due to several causes, such as: (1) the size of the mill, 
since a large mill can always be run with less labor per ton than a small one; 
(2) the difficulty of the problem, since an easily treated ore gives the mill high 
capacity and requires only simple treatment; (3) the length of shift, as more 
men will be required working eight-hour shifts than working twelve; (4) the 
use of water power instead of steam; (5) whether or not the mill is favorably 
located and designed to minimize labor; (6) the cost and quality of the labor, 
for when labor is cheap and of an inferior quality, more will be required. The 
wages paid are also variable, being governed chiefly by the cost of living. The 
cost per ton for labor is dependent upon the number of tons treated per man and 
upon the wages paid. 

The ^^Men Required per 24 Hours,^’ in Table 384, is the total number of men 
employed, but where the mill is run 24 hours per day, as is usually the case, 
the men are divided up into two or three shifts, so that the number of men 

actually working at any one time is only from i to of the total employed. 

The length of shift, that is, whether eight or twelve hours, will depend on the 
situation. A hard position like that of fireman is more often worked in eighh- 
hour shifts, while an easier position like that of table or vanner man is extended 
io twelve. 

Analyzing the figures of tons treated per man in Table 384, we find that 
in the hand jig plants (Mills 2 and 3) the tons treated per mian are 4 and 5.6 
respectively. Cold stamp mills range from 5.6 tons in Mill 55 to 37.5 tons in 
Mills 73 and 74, these last two being mills of good size, well designed and run 
with a high capacity per stamp. Canvas plants treat from 33.3 tons (Mill 
78) to 57.1 tons (Mill 80) per man. These mills require very little labor, how- 
ever, since su(4i a large percentage of the stuff treated is waste. The three 
combination silver mills (82, 83 and 84) range from 2.8 to 3.8 tons per man. 

This type of mill is the most expensive of any in the table in regard to labor, 

since it includes the three processes of plate amalgamation, concentration and 
pan amalgamation. Of the large number of jigging mills, the range is from 

^ fon^man, 

1 Tnillwri^ht, 

Vi P'P© fitter, 

2 eii«:inemen, 

2 firemen, 
niprht foremen, 

1 head amalsramator, 

4 amaljjamators, 

2 cnishermen, 

2 oilers, 

2 feeders, 

2 laborers. 

4.3 tons in Mill 24 to 38.5 tons in Mill 32, but the latter mill has a very high 
eapacity for its size, and most of these mills treat less than 15 tons per man 
per 24 hours. As an example of the orjranization of labor in a 100-stamp mill 
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the list on page 1101 shows the number of men and to whom each is responsible in 
Mill 66. 

The author received no figures from the Lake Superior native copper mills, 
but thinks the following figures are approximately correct for the labor required 
to run a mill with five heads of steam stamps for 24 hours : 1 foreman, 2 assist- 
ant foremen, 2 engineers, 15 firemen, 6 head runners, 10 feeders, 20 jig boys, 
4 table men, 1 blacksmith. In addition to these there will be about 8 additional 
men required in such mills as regrind the middlings. Such mills as barrel the 
copper will require also perhaps 2 coopers. This makes a total of 61 or 71 men, 
and assuming 300 tons treated per stamp per 24 hours, the tons treated per 
man will be from 21.1 to 24.6. 

§ 814. For comparison with the American jigging mills, the following figures 
of a few German mills are given, all of which are using graded treatment upon 
ores containing lead and zinc. The Himmelfahrt Mill, at Freiberg, using steam 
power, washes 150 or even 200 tons per 10 hours, using a force of 55 men. This 
is at the rate of from 2.7 to 3.6 tons per man. The Silberau works at Ems, using 
both steam and water power, treats 200 tons in 10 hours with a force of 111 
men, including overseers and machinists, but exclusive of roustabouts. This is 
1.8 tons per man. The new Gute Hoffnung mill, at St. Goar on the Ehine, 
treats 50 to 60 tons in 10 hours with 45 men, or at the rate of 1.1 to 1.3 tons 
per man. At the old mill they required 90 men, and even by running day and 
night they could hardly treat half as much, and the quality was no better than 
at the new mill. The Clausthal works treat 270 to 275 tons per 10 hours, 
employing 450 men and using both steam and water power. This is 0.6 ton 
per man per 10 hours. At Eamsbeck 1.5 tons per man are treated. It will 
be seen that these five foreign mills each use more labor than the American. 
There are several reasons for this: (1) the foreign mills are somewhat more 
complex; (2) many of them are not so conveniently designed for automatic 
handling; (3) labor is cheaper, and consequently more work is done by hand. 
The low figure shown at Clausthal is especially due to the inconvenient arrange- 
ment of the plant whereby an excessive amount of tramming is required. 

Eegarding the ^^Cost per Ton for Labor’^ in Table 384, it will be found that 
as a rule it varies inversely as the tons treated per man. 

It may be said that in general the capacity of the mill and the qualitv of the 
product depend largely upon the intelligence and reliability of the men employed 
in the various departments. A saving made in wage's may be more Lliaii offset 
by losses in efficiency of machines due to ignorance or neglecl. The losses by 
theft are not common in mills other than gold and silver. To avoid clannish- 
ness, which often leads to needless labor trouldes, it is well to employ men of 
several nationalities. In hand picking, boys under supervision may bo substi- 
tuted for men as having keener vision and quicker motion. 

One means of increasing th(‘ cfTiciency of th(' working force is for tlie most 
part neglected by mill authoriti(‘s. Almosi the only insianc(‘ obs(‘rved of any 
sanitary precautions or hygienic care of Ihe men was at Mill 22, when' a change 
house is provided for both mine and mill hands. Tliis is furnished with individual 
lockers, steam coil for drying wet clothes, hand batlis and a swimming tank. Mill 
38 and the new plant at Mill 42 liave the same as Mill 22, exc(‘pi the swimming 
tank. 

§ 815. Water. — Water is required in the mill for three things: First, for the 
concentration; second, for the power, either as wat(‘r ])ow('r or to Mipplv the 
boilers: third, for protection against fire. Tho amoiinl ns('d, tlu' source arul 
the method of bringing to the mill are given in Chapter XX. under each mill. 
The subject is here considered only from a general point of view. 

The amount of water used in the milK i< given in Tabh* 385. For purpose 
of comparison, the mills are arranged in different groups and tin' figures havp 
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TABLE 385. — WATER USED IN THE MILLS. 


Mill No. 

Water Used per 24 Hours. 

Capacity of 
Mill per 

24 Hours. 

Water Used per Ton of Ore. 

Remarks. 


Gallons. 

Tons. 

Gallons. 

Tons. 




Gold Stamp Mills. 



53 

51,840 (a) 

90 

576.0 

2.40 

30 stamps. 

56 

96,336 (a) 

60 

1,605.6 

6.69 

10 stamps. 

57 

156,193 (a) 

64 

2,440.5 

10.18 

40 stamps. 

59 

240,750 (a) 

239,040 (a) 

60 

4.012.5 

16.73 

40 stamps. 

61 

115 to 128 

1.867.5 to 2,078.6 

7.79 to 8.66 

40 stamps. 

62 

269,600 (a) 

151,000 (a) 

100 to 150 

1,780.6 to 2,596 

7.21 to 10.82 

50 stamps. 

64 

93 

1,623.7 

6.77 

30 stamps. 

65 

123,840 (a) 

200 

619.2 

2.68 

40 stamps. 

67 

216,000 

50 to 65 

3,324.6 to 4,820 

13.86 to 18.01 

20 stamps. 

68 

213,120 

105 

2,029.7 

8.46 

60 stamps. 

73 

185,760 (a) 

300 

619.2 

2.58 

60 stamps. 

74 

185,760 (a) 

300 

619.2 

2.58 

60 stamps. 

75 

179,676 (a) 

160 

1,197.8 

4.99 

40 stamps 


Combination Silver Mills. 


84.. 


;252,576 

Steam power... Ifi, 360 (6) 
Concentrating. .89,480 (6) 

Total 54,840(6) 

Fresh 70,000 

Repumped 30,000 

Total 100,000 


110 

120 


100 


2,296.31 

457 

700 

300 

1,000 


9.57 

1.91 


2.92 

1.25 


4.17 


50 stamx)S. 
60 stamps. 

40 stamps. 


Jigging Mill. 


12 . 


62,000 (c) 

12C to 135(c) 

459.3 to 616.7 

1.92 to 2.16 


Mills with Jigs, Vanners and Tables. 


20 . 


22 . 

25. 


28. 


Fresh 93,600 

Repumped — 144.000 

' Total 237,600 

1.152.000 

2.250.000 

Fresh 43,200 

Repumped 86,400 





r 

534.8 

2.23 

175 

1 

1 

822.8 

3.43 



1,357.6 

5.66 

175 

6,582.8 

27.45 

900 

2,500 

10.42 


f! 

216 

0.90 

200 

1 

i 

482 

1 80 




2.70 

100(c) 

9,000 

37.53 


Montana Copper Sulphide Mills. 


39. 


40. 

41. 


Flows in 

. 1,000,000 




2,000 

8.88 


Pumped. .. 

..1,440,000 




2,880 

12 01 


Itepumped . 

.. 700,000 


600 


1,400 

5 84 


Total . . 

.. 3 140,000 




6,280 

26 18 


Fresh 

. . . 864.000 1 



r 

2,880 to 3,141.8 

12 01 to 13.10^ 


Kepumped . . 

. . 200,000 1 


275 to 300 - 

1 

666.7 to 727.2 

2.78 to 3 03 

- 

Total . . . . 

,..1,064,000 1 




3,546.7 to 3,869.0 

14.79 to 16 13* 

1 

1,200/)00 to 1,400,0(10 

300 to 360 

4,000 

16.68 


Lake Superior Native Copper Mills with Steam Stamps 


44 

20,000.000 

2,080 

9,615 4 

40 09 

45 

3,744,000 (d) 

450 

8,320 

84 69 

46 

12,000.000 

1,260 

9,623.8 

30 71 

47 

12,000 000 

1,700 to 1,900 

6,315 H to 7.058.8 

26.33 to 29.43 

48 

10,000,000 

1,500 

6,666 7 

27.80 


(a) 1'he mill is run by water power, and this figure does not include the water used for power. (6) This 
<loes not include what is repumped, (r) This is for 10 hours only, (d) This is the water that leaves the mill 
u ith tlip tailings. The amount of water coming to the mill is slightly larger 
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all been reduced to the basis of amount of water per ton of ore. It will be 
seen that the amount varies from 2 or 3 tons of water per ton of ore in some 
of the stamp mills to 40 tons in some of the complex mills. 

In general the water requirements of a mill depend' upon several conditions : 
(1) Upon the kind of the mill. A hand jigging mill requires very little more 
water than that which is used in washing off fines and that which goes off as 
moisture with the concentrates and tailings. The simpler gravity stamp mills 
use much less water than the more complex steam stamp mills. (2) Upon the 
capacity of the mill and the various conditions which affect it. For example. 
Mills 59 and 65 have 40 stamps each, but Mill 59 stamps less than one-third as 
much ore as Mill 65 with proportionally increased water rate. (3) The water 
used depends upon the amount that is available. Where there is plenty there is 
no need to economize. To illustrate this note that in Table 385 Mill 84, which 
suffers from scarcity of water uses, with no injury to the work done, less than half 
as much per ton as Mill 82, where water is abundant. These two mills are of the 
same type and have almost exactly the same capacity per stamp. N'otice also the 
small amount used in Mill 26 compared with others of its class. Mill 28 esti- 
mates that it could easily cut the quantity of water used d'own to two-thirds the 
present quantity if necessary. The author knows of an instance where a super- 
intendent decreased the amount of water fed to a steam-stamp until the quantity 
was less than one-half, before the mill men complained. 

In addition to the data given in Table 385 Mill 68 gives a detailed account as 
follows : 

Bn^nne (180 horse power) 5.760 gallons per 24 hours. 

60 stamps 172.800 “ 

24vanDers 34,560 

Total 213,120 “ “ 

and Mill 82 as follows : 

Bnp^ne (200 horse power) 

Live steam for amalgamating pans. 

50 stamps 

20 vanners 

12 settlers 

Total 252,670 

In Table 385 the figures given include water used for generating steam except 
as noted in eases where water power is used. It will be seen that no average fig- 
ures on water required for water power can be given since the amount will vary 
with the head. It will be very easy however to calculate this amount when the 
power required and the head are known. 

As shown by Mill 83 in Table 385 and by the detailed statements of Mills 68 
and 82, the water used for steam power is a small fraction of the total water of the 
mill. 

§816. The saving that ean he made by settling and repiimping is shown hv 
Mills 20, 26, 39, 40 and 84 of Table 385. The extremes are Mills 26 and 40^ 
which show that of the total water used only 33% and 81% r(‘speel iv(‘ly hav(‘ to 
be supplied fresh. Mill 40 however is not saving nearly all tlu^ water that it 
might by settling and it therefore seems fair to eonelnde that under favorahb* 
conditions, of the total water supply of the mill two-thirds ean be obtained from 
settling and using over the waste water and* only one-third has to be suppli(‘d 
fresh. Mills 68 and 82 estimate that they could cut th(‘ water down one-half if 
the waste was settled and repumperl. 

At Broken Hill, New South Walos,***^® the total water used per 24 hours 
in a mill having steam stamp and (V)llom jigs was 1.617,000 gallons, but a- 
the water was settled and u^ed over, tlie amount acdiiallv sup[)li(>-(l per 21 hour- 


15,840 gallons per 24 hours. 
G.886 

144,000 “ “ “ 

28,800 “ “ “ 

, 57.C0U “ 
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was only 30^000 gallons. The mill treated 170 tons per 24 honrS;, making the 
water actually supplied to be 176 gallons (0.734 ton) per ton of ore. Only 

1 647 000 of the total water used has to be supplied fresh. 

The table shows that mills with steam stamps, classifiers and Collom jigs 
(44 to 48 inclusive) require more water than those with rolls, trommels and 
Harz jigs (39, 40 and 41). A quotation^® on the water required in a wet 
silver mill is as follows: For boiler, 7§ gallons per horse po>wer per hour; 
for each stamp, 72 gallons per horse power per hour ; for each pan, 120 gallons 
per horse power per hour ; for each S€?ttler, 60 gallons per horse power per hour. 
Upally in the Washoe district, the total water consumption in a wet silver 
mill is between 1,870 and 2,250 gallons of water per ton of rock treated, or from 
2.5 to 3.75 gallons of 'water per stamp per minute. 

§ 817. The water supply of a mill comes either by gravity or by pumping. 
It comes by gravity either from a pond or stream through ditches, flumes or 
pipes to 28 mills (21, 24, 25, 26, 27, 28, 29, 30, 31, 32, 34, 35, 42, 53, 56, 57, 
58, 60, 61, 62, 64, 66, 67, 69, 75, 76, 77 and 88). In all of these mills except 
eight (24, 25, 26, 28, 31, 42, 66 and 67), it is also the source of power for the 
mill. As the water is not in every case delivered at a sufficient height to run 
to all the machines, pumping is resorted to either for all or part of the water in 
four of the above mills (27, 30, 31 and 88). Those mills which use water for 
power usually have an ample supply and do not use the water over again for 
concentration. In one case however (Mill 34), the waste from the water wheels 
is delivered at such a height that it is available for the washing. At the Bertha 
Zinc Works, Virginia, the ore is conveyed down 1,300 feet to the mill by water 
in a flume 12 inches wide and 6 inches deep. 

Where the water is pumped to the mill it comes from various sources ; from 
the mine in 2 mills (20 and 22) ; from a creek or river in 4 mills (12, 22, 38 
and 86) ; from a near by lake or pond in 6 mills (10, 44, 45, 46, 47 and 48) ; 
from an artesian well in 2 mills (16 and 17), and from a distant source in 2 
mills (83 and 84). 

Where water is scarce the practice of settling it and using it over prevails. 
This occurs in 9 mills (16, 17, 20, 24, 25, 26, 39, 40 and 86). The settling 
arrangements have been already discussed in § 349 and § 351. The use of mine 
water is found in 3 mills (20, 22 and 27). Mill 66 also uses it in winter to 
supplement the regular supply. The use of mine water is generally avoided if 
possible, since it is very likely to be muddy or to contain acid which eats whatever 
metal comes in contact with it. This latter difficulty may be remedied by the 
use of lime (see § 154). 

Some mills have more than one source of water. For example, Mill 67 
ordinarily has a sufficient amount run in by gravity, but in case of emergency 
it can gel water by pumping from the pond into which its tailings are delivered 
Aiill 39 has part of its water flow into the mill, while part is pumped in. This 
is in addition to what is repumped from the settling tanks. Mill 22 has part 
of its water from the river and part from the mine. 

It is desirable that the water of the mill supply shall not he muddy. For 
this reason Mill 40 avoids as far as possible the use of water from Silver Bow 
creek, which has alreadv been used by three other mills, and instead goes to 
Black Tail creek, a half mile away. For a similar reason. Mill 86, whi^h 
takes its wat(T from a cre^k, first settles it in tanks before pumping it to th^ 
mill. At Mill 67 the water for the boilers has to he settled. To keep th' 
water as clear as possible from mud' and ahso to keep larger material out of 
the pipe it is customary to put a box with an open top around the suction end 
of the pipe. 
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The power for pumping where the pump is near the mill may be fur- 
nished by steam, as in Mill 67, or by compressed air if the plant includes 
an air compressor. Where the pump is located at a distance a separate steam 
plant for pumping has to be installed, as at Mill 84, or the pump may be driven 
by electric power transmitted from the mill, as at Mill 40. The kind of pumps 
used have been considered under that head (see § 632). 

Care should be taken in constructing ditches, flumes and pipe lines that there 
is sufficient protection from freezing in winter and from damage by storms. 
An open flume is more liable to freeze than a covered ditch or pipe. Iron pipe 
should not be used with acid water. Thus Mill 40 takes water from a creek 
into which mine water is delivered farther up, and consequently the pipe used 
was made by boring out logs and banding them spirally with 1-inch Ho. 22 
iron and covering with a layer of asphalt and sawdust. 

§ 818. Water is usually delivered into tanks located near the top of the mill. 
The capacity of these tanks will depend upon the conditions, chiefly upon 
the regularity of the supply, and the liability of its being interrupted. 
These tanks serve the purpose of store tanks and pressure tanks. In case a 
constant pressure is desired, as for classifiers, it may be obtained from a small 
tank, which overflows constantly into a larger tank. Some mills have practically 
no storage capacity; for example, Mill 38 has the water come into the mill bv 
a pipe about 2 feet in diameter, and the end is simply turned up for a stand 
pipe. In most of the others the storage capacity is sufficient for only two or 
thi*ee hours; for example. Mill 24 has about 4,000 gallons storage capacity, Mill 
25 has about 2,000 gallons and Mill 40 about 60,000 gallons. Two mills in the 
dry district of Utah have large storage capacity: Mill 83 can store 600,000 
gallons and Mill 26 about 60,000 gallons. The former is sufficient to last nine 
days. As far as concentration purposes go, the height of these tanks above flic 
machines needs to be but little, but for fire purposes it would be wise to give 
them considerable head. Where it is impracticable to have this liead, a lire 
pump should be put in with pipes leading to fire plugs in different parts of 
the building with hose constantly attached to them. 

The arrangements for heating water in winter for hand picking have been 
described in § 368, and for amalgamation in § 541. 

As to the kind of water used, the author found it to bo fresh in every one of 
the mills visited by him, and, in fact, he can cite no ore concentrating mill 
which uses anything but fresh water. As shown in § 2, there is an arguin(‘nt 
for the use of salt water owing to its greater density, 'provich'd tliat Die solids 
dissolved in the water have no injurious effect upon the machines or conc(‘nt rales 
in other ways, as is frequently the case in gold amalgamation (sec §511). TIhm'o 
may be also cases in which the salt which would be l(‘ft wilh conceniraies a Tier 
drying will be injurious in the later treatment. Thus, wh(-n concentrates co i- 
taining gold are roasted in the presence of salt, there will he a tend(‘ncy for 
chloride of gold to form, which will he volatilized and lost. An insianc- of 
unfavorable results from using sea water is the case of a coal washer at Union 
Bay. Vancouver Island, which, with fresh water, reduces the ash from 35.5% 
to 8.5%, the fixed ash being 7.5%. When using sea water (specific gravilv, 
1.026) the ash in the washed coal was 10%. 

§819. The moisture retained hv drained ore is of iniportanee in c'sliinating 
the moisture in wet ore. The most complete figures are those given in Table 
386 which shows the percentages of water found by Von Tleytt'*^''' to be retained 
hv different sizes of ore from the mines of Przibram, Bohemia, after thorough 
wetting followed hv reasonable draining. 

The per cent, of moisture is ])asod ou the wet ore, and is obtained by dividing 
the difference between wet and dry samples hv the weight of the wet samples 
and multiplying this by 100. The table shows how the per cent, of moisture 
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TABLE 386. — PERCENTAGES OP MOISTURE RETAINED BY DIFFERENT SIZES OF ORE 
AFTER THOROUGH WETTING FOLLOWED BY REASONABLE DRAINING. 


Size. 

Material. 

Moisture. 

Size. 

Material. 

Moisture. 

Mm. 


% 

Mm. 


% 

64-8S 

Ore. (a) 

0.36 



SS— ss 

Ore. 

0 55 

a-2 

J Ore. 

6.19 

SS-16 

Ore 

0.74 

1 Calcite. 

6.06 

1&-1S 

J Ore. 

1 Calcite. 

1.83 

S.49 

2-1 

\ Ore. 

1 Calcite. 

8.59 

9.80 

12-8 

J Ore. 

S.S5 

1-0.5 

j Ore. 

17.59 

1 Calcite. 

1 2.58 

\ Calcite. 

18.90 

&-6 

S Ore. 

1 Calcite. 

8.01 

8.38 

0.5-0.35 

j Ore. 

( Calcite. 

18.16 

20.44 

6-4 

j Ore. 

1 Calcite. 

2.91 

8.98 

0,35-0.10 

j Ore. 

1 Calcite. 

16.80 

20.57 

4-3 

1 Oie. 

1 Calcite. 

5.66 

5.21 

0.10-0 

j 

1 Ore. 

1 Calcite. 

16.94 

21.69 


(a) The principal minerals in this ore were quartz, siderite, calcite, galena and blende. 

increaseiri on the liner sizes. In addition to Von Keytt^s figures, the author also 
has a few figures from the mills. At Mill 27 the concentrates (chiefly galena) 
below 0.9 mm. diameter, contain 23% moisture before drying; while those from 
Mill 38 (chiefly pyrite and chaleocite) from 9.5 mm. to below 1 mm. in diameter, 
with the coarser sizes predominating, average only 4 or 5% moisture. The 
concentrates from Mill 40 from 7 mm. to below 1 mm. in diameter average 
4% moisture after 48 hours draining. At the Allouez native copper mill, Lake 
Superior, the water with concentrates below TF inch (4.76 mm.) varies from 
3% for coarse to 12 or 13% for fine. Tests^®^ made on stuff ground through 
a 60-mesh screen in a dry process mill, saturated with water and then 
drained in 33^-pound lots on a slightly inclined board, showed that a soft 
talc ore retained 96 gallons of water per ton of dry ore while a harder ore 
retained 66 gallons per ton. These figures correspond to 29 and 22% moisture, 
respectively. 

In a cyanide plant the ore drained for from 4 to 20 hours in circular vats 
4 feet 6 inelies deep and 20 feet in diameter through filters consisting of one 
ihicknoss of cocoa matting and one,thickness of cotton cloth contained an average 
of 13.56% moisture, based on 1,100 tons. The highest was 16.75% and the 
lowest 10.35%. An average sizing test of the material was: 

On 40 . 7 

Throw ■ . % 

Through GO on 80 inesli . 1 
Through 80 o» 100 tuesh 8 

It is slated that in South Africa^^® the sands from cyanide treatment (probably 
ranging from 22 mesh to perhaps 100 mesh), after draining, contain 12 to 14% 
ni()i^lin(‘ or 33 to 39 gallons of water per ton of dry sand, while in the slimes 
(finer perhaps tlian 100 mesh), the moisture contained is 50% or 240 gallons per 
ion of dry slirm‘. 

All ih(‘ prcc(‘ding figures agree pretty well with those of Table 386. 

In the light of ihes(^ figures it will be seen that measurements of the water 
[)assing oil* willi the mill tailings dex's not quite give the amount used by the mill 
sine(‘ .soiiK' is rtdainc'd by the concentrates and some is used for steam. 

§ 820. AitHANdKM I'^NTS OF Macifinks IN Mfi.ls. — American ooneentrating 
mills differ from many of the Gorman mills in their compact arrangement of 
all the ooneentrating machinery under one roof. As shown in Kigs. 511 to 
521c, ore starts at one end and passes along continuously through tlie crushing, 
coarse concentrating and lino concentrating. Its general course is either in a 
straight lino (see Fig. 5195) or in some cases it turns at right angles (see 
Fig. 516a). The building is not necessarily of a unifonn width, but a mill 


Through 100 on ISO mesh, 2.00^ 
Through ISO mesh 6G G7ji 

99 50 




1108 


ORB DRESSING. 


821 


with a large number of jigs or vanners may have this part wider (see Fig. 522^). 
Trommels and -classifiers are commonly placed at a higher level than the jigs 
so that their products are delivered by gravity to the final washers. The jigs 
are placed so that the ore in passing through them either flows parallel to the 
general course of the ore in the mill (see Fig. 520), or transverse to it (see 
Figs. 512^^ and 516(z). The line shafting usually runs transverse to the general 
course of the ore in the mill, although sometimes parallel. The foimor enables 
most of the machinery to be driven without using quarter turn belting. The 
transverse arrangement of the jigs works best with the transverse line shafting. 
The middlings, when present, are recrushed' in machinery located either back 
with the first crushing machinery (see Fig. 511), or at the end of the machines 
which produce them (see Fig. 516a). The former is more common, while the 
latter is found more especially in long or large mills. The middlings, wherever 
recrushed, most frequently go back into the system with the original ore, but in 
some cases, especially in large mills, they are treated in separate machines located 
among the others or at one side. 

Sectional mills, that is, mills with two or more similar sections arranged side 
by side, occur in numerous instances, which vary from mills in which each 
section is entirely separate throughout, to mills in which only the crushing and 
coarse concentration part is in sections. As examples, we have the gravity 
stamp gold mills in which each battery with its plates and vanners forms an 
entirely independent section, except for the rock breaker; the Lake Superior 
native copper mills, which are made up of sections, each with its steam stamp, 
classifiers, jigs and tables; also to a less degree in Mills 25, 38 and others. The 
use of sections appears more particularly in the large mills where a jiumbcr 
of machines are required to do the same work, and the sectional arrangement 
has the advantage that it enables a part of the mill to be shut down when repairs 
or improvements are necessary or when ore is scarce, while it is just as cheap 
in constructing and running. As a means of testing and comparing the effect 
of different machines or adjustments the sectional arrangement is of great value. 
Mill 44 has one steam stamp and its accompanying machines, which are used 
for settling questions of design and arrangement. 

Among large mills the one farthest removed from the sectional ])lan is Mill 
91, in which all of the ore passes through every machine in the coarse crushing 
and fine crushing plants; the system changes, however, with the screens, magnets 
and briquetting machines, which have many like machines in parallel. Two 
large stock houses are installed, one between the coarse and hue crushing and 
the other between the magnets and briquetting machines. In Ibis arrangtMiumt 
the stock houses are necessary in order to avoid the shutting down of the whole 
plant whenever a breakdown occurs in one part. This arrangemeni lias iho 
disadvantages in comparison with the paralk'l section arrangfoiKuii that a com- 
plete shutdown is unavoidable where the bn'akdown is of loni^ diiralion; aNn 
that unless there is an equal amount of time lost in each section it will ullimalidv 
bo necessary to reduce the work of one section for a while in order to ]ri the 
others catch up. The normal condition of the stock houses would secun to h^* 
about half full. 

§821. The arrangement of the gravity stamp mills varies ^onu'what. Wh(T(‘ 
the mill is small there is merely one line of stamps, and this was th(‘ ('as(^ with all 
the mills of this class visited by the author. In large* mdls, how(‘ver, this would 
make the mill too long, and two line's of stamps are* use‘d. Thc'^e' two lines niav 
be back to back witli the ore bins be'tween themi and the' pulp tlevwing away in 
opposite directions, or the two lines may face one anotlu'r wilh tlie r)ulp from 
each flowing toward tho othew. This latter arrangememt exists in the' Father 
de Smet mill. South Dakota. While it affords greater convenience in looking 



§ 822 


GENERAL IDEAS ON MILLING, 


1109 


after the work of the mill, yet preference is not given to it owing to the fact 
that the ore bins shut out the light, and it has less stability and more vibration. 

In this connection the location of the rock breaker is to be considered. In 
52 out of 67 mills it is with the mill. In the other 15 mills, among which are 
the Lake Superior native copper mills, it is separate from the mill, being located 
in a rock house, generally at the mine. The latter location has several advantages. 
It removes one of the chief causes of irregular loading of the mill engine and 
saves the production of considerable dust in the mill, which is bad for the 
machinery and unhealthy for the men. It avoids considerable vibration at the 
mill and saves much heavy construction, which would be necessary where the 
breaker is located at a height in the mill. The smaller size of the ore makes 
the loading of ears, especially of a rope tramway, easier and gives them greater 
capacity since the buckets may all be given a full load. It also does away with 
the necessity of having one set of bins for coarse and another for fine ore. Having 
the breakers separate from the mill may, however, be unadvisable in many 
cases, since it has the disadvantage of adding one more department to the plant 
to be cared for, and consequently increases the expense of installation and 
running, especially in the ease of a small mine. 

§ 822. In arranging mills, it is important to have sufficient reserve capacity 
so that there will be no need of forcing any of the machinery, and so that the 
work of one machine may be temporarily suspended for adjustment or repairs. 
Tlie following instances are given of the use of this policy. Mill 44 usually 
has one or more steam stamps laid off, together with the corresponding con- 
centrating machinery. Eolker®^ reports that at the Allouez mill they were 
able to produce 4% more copper in the long run by running three steam stamps 
continuously and keeping one in reserve than they could by running all four 
willi no reserve. A classifier may have one of its spigots plugged temporarily 
while its jig is being skimmed, and the stuff is treated bv the machines handling 
the other spigots. The overloading for a few minutes does no serious harm. 
Mill 8-1 has the launders so arranged that the pulp which commonly goes to 
one of the upper vanners from each battery can be sent to the two corresponding 
lower vannei-s, which usually treat the tailings of the upper vanner. In this 
way a vanner can be thrown out for repairs. This mill also has one 7-belt Wood- 
bury vanner in reserve. Other stamp mills have arrangements for cutting out 
one vanner and semding its work to the others. Mill 30 and other mills have 
rock breakers in nwrve. Mill 59 has two roek breakers, either of which can 
deliver into either of two bins by means of an adjustable chute. 

In mill arrangement all useless apparatus should be removed. For example, it 
frequently happems in making changes in a mill that certain pieces of apparatus 
ar(‘ no long(‘r of any value, but rather than take them out, the ore is allowed 
to run through tlnun, thereby entailing a usidess expense to keep them in order. 

IMiis rul(‘ is not so frequently broken, however, a.s its converse, namely, tliat 
all good a[)f)aratus should be used to its full extent. To cite an instance, the 
aihhor found in oiu* mill a settling tank which was capable of doing most excellent 
work as a s(‘ttling dc'viee, hut when so run it did not act as a good distriliutor. 
In ord(M- to g(‘t good distribution the use of th(‘ latter part of the tank wa^^ 
given u}) and anotluu* s(‘ttling tank was put in to follow it, whereas, by a nu^re 
ri'anungimumt of spigots the first tank could have be(‘n made to do both good 
s(dtling and good distributing. 

MotOnly should us(‘l(‘ss apjiaratus be diseard(‘d, hut the economy of the various 
maehin(‘s should h(' carefully considered, and if it is found that anv part of th<‘ 
work is (‘ostingmore than is gained from it, then that part should he imTnediat<d} 
diseontinii(‘d. This sin is of rare oeeiirrenee, how(‘ver, the usual trouble beiiu’- 
that there is a lack of machinery, due perhaps to a short sighted policy, and 
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stuff is thrawn away that might in a few months pay for the niachinob that were* 
necessary to treat it. Examples of this are the gold mills formerly sending away 
tailings from which canvas plants now make a handsome profit, that of Mill 55 
amounting to $2,000 per month. Other examples are in soiiu* Australian gold 
mills, which make no effort to catch the concentrates in the ore, and thus have 
a great loss. 

§ 823. Many special notes on arrangement of individual machines are given 
in Chapter XX. There are, however, some general points which can best be 
discussed here. 

The question, shall machines be placed in series or parallel to do a given 
amount of work, is an important one. As a rule, it will b(‘ found that it is 
considered preferable to use the parallel arrangement, that is, for (‘xample, having 
a given amount of ore to be jigged on two jigs, the ore is divid(‘d so that each 
jig treats half rather than running all the ore over the first jig and then the 
tailings of the first over the second. MTiile it is true that the latter arrangement 
has the advantage that a grain of concentrates has to run th(* gauntlet of the 
second machine, yet the ore has to be rushed at such a spe(Hl ov(‘r the jigs that 
the chances of losing concentrates in the tailings are probably great(‘r than with 
the parallel arrangement where the stuff is treated at such a de(T(‘ased rate that 
the separation has time to take place. There are, however, spocMal cas(‘s where 
the series arrangement is used. As to whether this is an advantage^ lias not 
been proved. For example, in Mill 54 the pulp from 30 stamps, amounting to 
100 tons in 24 hours, is treated on six vanners arranged in parallel, and the 
tailings of these go to twelve others arranged in parallel. It is to be presumed 
that the larger part of the concentrates arc taken out on th(‘ first set, while the 
second set servos to catch the last grains, whicli are diilieiilt to catdi. The 
vanners of the first set each treat tons in 24 hours, and those of the 
second set 8^ tons (minus the small amount of concentrates of the first 
set), whereas, if the pulp was distributed e(|ually among tlu* eight(‘(‘ti vaniu'rs 
at the start, then each one would have to treat only 5^ tons in 2 \ hours. Similarly 
Mills 83 and 84 both have two sets of vanners, the second vsd, containing twice 
as many as the first. In Mill 83, as now arranged, each vaniu-r of th(‘ first set 
receives 10 tons per 24 hours, and each one of the second .set tn^ais 'll tons 
(minus some concentrates removed by th(‘ first set), wlanx^as, if tlu' pufp wa.s 
evenly distributed among nil the vanners at tli(‘ stnri, Ihmi (‘neb one would 
receive only 5 tons per 24 hours. The corresponding riguri‘s for Mill 81 are: 
First set, now 121 each; second set, now (>.} tons (‘iieh ; if uniformly dis- 
tributed, 4-J- tons each per 24 hours. 

An ar^imcnt for the use of the series arrangement ratluT than tlu* paralld 
in crushing machines under e(>rtain conditions has already guen in ^ 
where graded crushing is considered. 

§824. The coupling together of two difTcTcnt Tn;iehin(‘s so that om* mak(‘s 
clean, rich heads while tlie other makes clean tailings is an idea (hal seems |o 
gaining favor with mill men. It is to be r(‘('omm(*n(Ied as a \('vv eflieKml arrange- 
ment. The following are examples of its use in tlu* mills. Mill :b; enri(‘h(‘s The 
heads of the slime table by sending them to a vann(‘r. MiIN !:> and \(\ s<‘rid 
slime table heads to a kieve which makes neb beads bill tla* lailma- are loo 
rich to be thrown away and have to go l)aelv to IIk* slime tahh‘s. Mill ^ ihe 

same system except that it uses tie and kiewe instead of aloia*. ’Vlu^ ability 
of the Wilfley table to make clean lieads rnake^ i( fiart icailarl v adapl(‘d lo tin’s 
arrangement and the use of slime tabh's joimnl wilh Wilflev in!)l(‘s is found in 
mauy mills of recent date (see § (>99 and § 707). 

§ 825. The stuff to be tr(‘aied by a mill can ho divided into thr(‘o part^: ('Oars(» 
mine ore, mine fines and middlings; each of which differs from tlu> other Iwo 
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sufficiently to make separate treatment preferable although not absolutely neces- 
sary. 

The coarse mine ore is the largest portion and its treatment forms the main 
system or backbone of the mill. The arrangement of the machines for the 
treatment of middlings with relation to the machines of the main system has been 
discussed in § 820. 

The separate treatment of mine fines is not practiced in this country although 
it is very common in European mills, more particularly those mills where the ore 
contains more than one mineral, say galena and blende. The usual scheme is to 
screen out the fines, that is stuff below 2 or 3 inches, and treat it by itself while 
the coarser stuff is crushed, picked and treated separately. (See outline of the 
Clausthal Mill in § 698.) 

The scheme is advantageous in that in the stuff as hoisted from the mine, the 
fines (below to 3^- inches according to the ore) usually contain considerably 
more mineral and less gangue than the coarse or they may contain an entirely dif- 
ferent preponderating mineral from the coarse. This is due to the fact that the 
economic mineral is generally more friable than the gangue. There is logic 
therefore in not undoing a work that has been partly done, that is, in not mixing 
together again minerals and gangue that have been partially separated, and sep- 
arate treatment has the same advantages as the separate treatment of two kinds 
of ore from different mines has, viz. : that the adaptability and adjustments of the 
miachinery can be exactly suited to each class of ore. The additional saving made 
by treating mine fines separately pays in the end for the larger plant required. 
In this country however where mining and milling are carried on with little re- 
gard for future generations, our mill men do not care to make the necessary out- 
lay. Mill 12 is an exception to this. 

§ 826. The treatment of different varieties of ore separately is to be recom- 
mended since each ore requires its own adaptation and adjustment of machinerv : 
neglect of this principle causes poor work. As examples of its observance there are 
Mills 16 and 17, one of which treats that part of the ore which is mostly galena 
and the other that which is mostly blende ; also Mills 68 and 82, one for the gold 
bearing ore, and the other for the silver bearing from the same mine; also many 
German mills which have separate divisions for their galena and their zinc ores. 

This principle also applies to mills which have to treat ores which vary con- 
siderably in richness, it being wise to treat rich mineral separately from poor. 
An example of this is in the gold stamp mills in the Thames district. New 
Zealand, all of which have in addition to their regular stamps a single stamp 
called th(‘ '‘specimen stamp” in which all rich rock is crushed and treated sep- 
arately. Also in some of ihe gold stamp mills of this country one battery is 
saved 'for treating special lots of rich ore. There is logic in this scheme since a 
long(T and more careful ircatmeni can be given to a rich ore with profit which 
could not be appli(‘d io a poor ore without loss. 

This shows ihat Ihe richer the ore the more perfect should be the arrangements 
for1r(‘aling ii. Ihu’feclion does not mean in this case necessarily a more elabo- 
rate arrangemenl and a sacrifice of simplicity. On the contrary however an 
arrangement, should alwavs be chosen which is as simple as possible willmut (-arry- 
irig tlie idea beyond the limit as was the case in one instanc(' related to the writer, 
of a mill using siajnps and vanners where graded crushing and concentrating 
should liave been used. The excuse given was that a com])ination of stamps and 
vann(TS formed a sirnfde mill which was the chief thing to be desired. 

^ 827. ()luAi{DrN(} TiiK WouK OF Machines. — The writ(‘r rendered the asser- 
tion in 1803 that ^Vvery machine, as far as ])ra(*ticable, should' liave its guard.” 
I'he best examples of this practice are in those multi-sieve jigs which run the 
first sieves with a thick bottom b(‘d to keep gangue out of the concentrates, and 
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the last sieve with a thin bottom bed to ensure clean tailings by allowing a little of 
the gangue to go into the concentrates. In other (jasos a machine may have 
another one placed after it, the first machine being run to make clean lieads while 
the second is run to make clean tailings. 

A general case of this guarding occurs on every machine which makes mid- 
dlings in addition to the heads and tailings. The micJiings product not only 
serves to catch the included grains which are not ready lor final treatment but it 
also serves as the guard which receives stray grains of concentrates which would 
otherwise go into the tailings and' stray grains of gangue which would other- 
wise go into the heads. 

On machines like vanners which make no middling product and 'where the ex- 
pense of having a second machine act as guard is greater than tlic saving made, 
the guarding of the work has to be done by constant inspection accompanied by 
systematic sampling and assaying. 

§ 828. Storing and Shipping Concentrates. — The settling, draining and 
drying of concentrates have already been discussed in § § 442, §618 and 

§ 638. Only the shipment of them remains to be consid'ered here. In looking 
through the mills there seem to be six methods of disposing of the concentrates 
after they have been unwatered or settled and dried. Of thiise the first four ship 
them in bulk, the fifth uses barrels, and the sixth employs sacks. 

(1) The concentrates are wheeled directly to their fda(t(‘ of treatment. This 
occurs at Mill 41 where the smelter is close to the concentrating mill and at sev- 
eral of the gold stamp mills which have their chlorination works l)ut a short 
distance away. 

(2) The concentrates are dumped into open cars dir(‘ct and go to the snudter. 
This occurs at the Montana mills (38, 39, dO, 42 and 13) whi(;h hav(» their 
smelters only a few hundred feet away. It also occurs at the Lake SnpcTior Mill 
44. The size of the cars varies; at Mill 38 regular droj) bottom railroad cars 
are used while at Mill 40 the -cars hold only IJ tons (‘ach. Mill II has tight 
wrought iron side dumping cars the cross section of which is a parabola. 

(3) The concentrates are wheeled into cars (usually closi^d cars) direct. 
This scheme is used in Mills 22, 25, 26, 30 and 34. Instead of wlundirig to cars 
the stuff may go to wagons in which it is hauled sonu' distaiUM' cilh(*r to the 
railroad, as is the case with the coarse concentrates at Mill 27, or to tin* snifdter 
direct as in Mill 2. 

(4) The concentrates are wheeled to store bins which deliver eitluT hv gales 
and chutes or by shoveling to cars as in MilKs 20, 21, 2)2, S7 and 92 or to loams 
as in Mills 18, 24, 27 and 88. The detads in soiru* of thive mills an^ as fol- 
lows: At Mill 20 the concentrates are brought to tlu^ conccml rat(‘s liouso in a 
little car. The house is 10 feet deep and 25 f(‘(‘i wid(* and it delivers concern I rates 
by gates and chutes to drop bottom railroad cars which are^ tramnu^d hv gravity 
two miles to the locomotive. At Mill 21 the bins an' 12 f('(4 long, 10 f('(‘l wide, 
and 6 feet high. Concentrates come to tlu'm by harrow and ih(*y arc shove'b'd 
out into railroad cars. Mill 10 lias n bin for zinc concent rale's wlindi 13 X 17 
X 6 feet deep and will hold 100 ions. This mill also has a small l)in fe)r h'ael 
concentrates. At Mill 2d ilie concentrates first drain on a mineral floor 10 foot 
square. Then they are whocle‘d in l)arre)ws If) ili(‘ sjiippincr flfjor wlie'n* lhe‘V are 
shoveled into wagons and haiile'd io the Mne'lte'r. Thr sjon' bins al Mill 27 are 
for only the fine concentrates which come from llio drier. Tlie' e*apae‘ilv of the' bin 
at Mill 32 is 50 tons. At Mill 91, wlu're ilie* concentrate's an' inairnedic iron ore 
anel are made into briquettes, tlu'v go hv (‘Oinevor iei a lari^e' hardc eif slon' bins 
which will hold many hundred tons of tlu'se liriquette's and the' bins are' arranged 
to deliver by gates and ehiit<*s directly into cars. Altluingli e'lnly case* ( I) has 
store bins it is not to be understood that eases (1 ), (2) and (3) liave* no facilities 
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for storing concentrates. They may either have a reserve of carb and wagons an 
hand or else they may have large settling tanks in which the concentrates may ac- 
cumulate. Cases (1) to (4), that is, shipping in bulk, include the greater part 
of the mills. When shipped in bulk in cars care must be had that the cars are 
tight since fine concentrates will run through a hole almost like water. At Mill 
92 strong paper is used as lining to prevent the concentrates from passing through 
cracks in the car. Closed cars are more often employed than open cars as they 
offer protection from the elements and from theft. 

(5) The most prominent instance to-day where concentrates are not shipped in 
bulk is most of the Lake Superior native copper mills which put their concentrates 
in barrels as fast as made. The details of the practice are illustrated by Mill 48, 
where the concentrates from Nos. 1, 2, 3 and 4 jigs are brought down in pails to 
the barrels, those from Nos. 5, 6, 7 and 8 jigs are shoveled from their settling 
boxes into barrels and those from the kieve are shoveled direct into barrels. In 
barrelling the copper a boy fills a barrel with concentrates, then runs in water and 
settles the concentrates by pounding the side of the barrel with a wooden mallet, 
adds more concentrates and pounds again and then adds a third batch of con- 
centrates and finally draws a plug at the bottom of the barrel to run off the 
water. This process greatly reduces the shipping bulk. The reason for barrelling 
in these mills seems to be the richness of the concentrates combined with the fact 
that paT*t of their journey is by land and part by water thereby requiring consid- 
erable handling in transit. The expense of barrelling and keeping the barrels (old 
oil barrels) in repair is considered to be less than the loss which would occur if 
concentrates were shipped in bulk. One exception occurs, Mill 44, which formerly 
shipped in barrels, but upon the erection of a smelter about half a mile distant 
substituted open cars. 

(G) In regard to sacking concentrates there are only two of the mills yisited 
(1 and 27), in whicli it can be positively stated that sacks are used although there 
may bo a few others. The sacks are usually about 16 X 24 inches in size and hold 
200 pounds or loss according to the specific gravity of the material. Sacking is 
expensive and is to be recommended only in special cases, for example, when the 
ore is very rich, or when it is shipped in small lots, less than a carload, or when 
it has to bo transferred two or three times as from team to railroad and from 
narrow gauge railroad cars to broad gauge. 

The concontrat'(‘s sliould bo weighed and sampled before leaving the mill where 
two companies are concerned. But where the mill and the smelter both belong 
to the same company this work may be done at the mill or smelter as is most 
convenient. 

The crushing of concentrates is not done to the author’s knowledge in any of 
the mills visited by liim. Whatever crushing is necessary before the metallurgical 
Ireaiitieni is done at the smelter. One exception is noted at Mill 30, where coarse 
lumps of rich ore are pick(‘d out as rich enough for the smelter without being con- 
centrated. '^rhes(‘ lum[)s are (Tushed in a rock breaker before being shipped. In 
foreign mills, how(‘ver, according to Kunhardt, the concentrates are frequently 
crushed down to J, inch in rolls or a Chili mill before sending them to the smelter. 

^ 829. DrsposAL of Taiunos. — In the majority of mills the location is such 
tluit the tailings go by gmviiy to the dump where the solid material accumulates 
and the water rirns to wast(‘. Where water is to he used again th(^ tailings go to 
settling ponds as alreadv d(‘scribed in § 349 and § 351. Where there is not suffi- 
cient fall for th(^ tailings to pass off by gravity they are ehwated either by sand 
wheels (see § 629), used in Mill 4 1, or by bucket elevators (see § 628), used in 
Mills 10, 40 and 43. Tn some of the foreign mills tailings are un-watered' and ele- 
vat(M] to a car which is trammed by man power over an extensive dump. This is 
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practicable there owing to the cheapness of labor. Mill 24 also hauls its tailings 
out by cars to the dump. 

Where coarse and fine tailings are put on the dump logeUuT along with the 
water carrying them, the tailings pile will spread o\or a larg(‘ area and have a very 
gently sloping surface. If the dumping ground is large then this does no harm, 
but in some cases the dumping ground may be limited. An example of this and 
its solution have been given in § 634. 

The prospective value of tailings piles often deserves more attention than it 
receives. Ore dressing is progressing, and conditions are bc‘Coming more favorable 
so that many tailings piles are being treated to-day at a protit which W(‘re of no 
value when they were made. As an example of this we have Alills G8 and 82, 
which are recovering considerable values from their tailings by the use of cyanide. 
Mill 5 which is working over its old tailings by a Richards hydraulic classifier, 
canvas plants which treat old stamp mill tailings, and others. In almost every 
case the profits of this re-treatment would be much enhanced if at the tunc the 
tailings were made there had been any consideration for the possibility of future 
treatment. At some mills, for example Mills 13, 18, 19 and 40, certain parts of 
the tailings are being carefully preserved until such a linu‘ as tliey can be treated 
at a profit. The wisdom of this course has already been shown in Mill 18, where 
150,000 tons of zinc tailings had been impounded. In 1899, wh(*n zinc was worth 
$0.06 per pound, several thousand tons were sliipped to H(‘lgiiirn via (lalveston. 
The Wilfley table is also able to treat this stufi* profitably, making blende ore 
which is shipped and lead-silver-iron ore which is snudtf'd. 

The utility of tailings except for the possibility of fuiun^ trv^atment is generally 
nil. Sometimes they can be used for filling. For (‘xam})l(^ in Mill 25 they are 
loaded into cars and hauled away to be used l)y tlu^ railroad for ballast and em- 
bankments. Mill 91 has a screening plant to be us(mI in ])rcparing the tailings 
for market to bo used as mortar sand, locomotive sand, cdc*., (dc*. 

§ 830. Caue op Mills. — ^Where the ore treated is rich and th(‘r(‘ is a large mar- 
gin of profit a mill may be run in a haf)-hazard wav and slill niak(‘ a profit ; this is 
not however to be commended. But where tlic mill is running on ore wliich barely 
pays expenses it is only by the strictest attention to d^dad^ that a halanci* can he* 
made on the right side of the ledger. The superint(‘nd( iil i.s rorc(‘d io liis 
eyes open for every little saving and improvement. As a rule it will lx* found that 
mill problems have been studied with the greai<*st can* and the gr(‘at(‘st advan(‘(‘s 
have been made in the latter class. Tlalhdi says that in concent rat ing, ev<‘n 

when the mill is adapted to the ore and is in periVet condition, lies in (‘onstant 
attention to detail, unceasing vigilance, phmiy of n>saying and ahilit v to adapt the 
mill to varying conditions. To this might ho addial (‘\f>(‘rie-nc(‘. ' VigilaiUM' in 
every mill is necessary in looking after tlu' men, tlu^ maehinm-v and tin* supplies. 
It would be possible to enumerate a great many other points \vh(‘r(‘ vigilaiu'e is 
required. In gold and silver mills the condition of tlu' (juieksilviT must he can'- 
fully watched. 

An instance of a comparison between a far-s(‘eing mill siipiu interukuii and a 
timid one has come to tlie notice of the writiu* in two mills just alike and t noting 
the same ore. Fn one tvvc‘lv(‘ tj-inch syiigots of a di<^t rihiit ing tank delivered juilp 
to four slime tables, whih* in tlu* other, four of i]i(‘ iw(dv(‘ '^fiigf)U were pluggiwl, 
which gave a little h'ss solid niatm-ial and niueh li*-- water In the lattm* ease 
the tables, relieved of part of the burden (d* wai<‘r, worked to Ixdtm- advantage 
Yielding concentrates 31% richer, and carrving a littli* more weiglit than the 
former. 

In every mill all work should 1 h‘ done as automat ieallv ,»s p()‘.-il)l<' as to 
avoid unnecessary handling. KVoularity in the rat(‘ of hvdiug. and a- far as 
possible in the quality of the foecl is essential to good woil^ m' .luv api>!irains. 
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and will save time which might be lost from lack of feed or from repairing in- 
juries due to over-feeding. As an example of this, Wethey reports that in Mill 
43 he increased the capacity and efficiency of a Chili mill by feeding continuously 
m front of each roller instead of in one fixed place. Feeding by machine is 
generally preferable to feeding by hand, since it is usually cheaper and more effi- 
cient. A comparison at Eaibl between feeding Salzburg tables by shoveling on 
the ore and by delivering it in a stream of water over a feed board gave the 
results shown in Table 387. These results are in favor of the machine feeding 
in every ease on three sizes of pulp. 


TABLE 387. — FEEDING SLIME TABLES. 



Coarse Meal. 

Medium Meal. 

Fine Meal. 

Extra quantity fed in percent 

7 

6 

24 

Extra saving of lead in percent 

26 

25 

12 

Extra saving of zme in percent 

34 

81 

30 

D. ‘Creased cost of operation in percent 

14 

9 

82 


Irregularity of output resulting from irregularity of feeding is often a cause 
of much annoyance. For example, in the case of a cyanide plant which is only 
just large enough to treat the average amount of ore crushed by a gold stamp 
mill, the output of the latter may be so variable as to cause losses due either to 
irregular treatment in the cyanide plant or else to the running of some material 
to waste without cyaniding. 

>5 831. The adjustments of a machine after being once settled upon should be 
kept as nearly constant as possible and no machine should be expected to run with- 
out intelligent care. The quantity and quality of the feed to a machine should be 
proportioned to the ability of the machine and it is bad practice to undertake to 
force the machine or the whole mill since there is great liability that a break- 
down may occur, or if not the work is inefficiently done, losses are greater and the 
net result is little if any gain. Little stoppages should be carefully looked after. 
In one mill it was found that these stoppages were greatly reduced by simply keep- 
ing a record of the cause and length of each; this seemed to put the men on their 
moille. Til nnoilier case where great annoyance was caused by drill points com- 
ing to the rolls this trouble was almost done away with by having the blacksmith 
re fuse to sharpen any drill that was unaccompanied by its broken piece. At the 
same time the miners were fined for not picking up broken bits. 

An economical mill man will look after his old material and not allow it to be 
Ihrown away. Among ihe opportunities of saving in this way which have been 
('onsiclerctl in previous chapters arc the use of old mine rails or old stamp stems for 
grizzly bars, old boiler tubes for launders, old stamp screens for riffles, old trommel 
^rrofms for jig screens, old jaw breaker toggles for pounding blocks, etc., etc. 
TTudor this head comes also the saving of values — in the gold stamp mill, for exam- 
r)l(‘, by treating in a clean up barrel the drainings and sweepings of the mill, the 
burned chips from the mortar, the old rusted screens, etc., or in a silver mill by 
running all ihe diainings of the mill through an agitator. 

§ 832. PioacENTAGE OF EXTRACTION. — The question, how much can a milt 
save, or what saving will give the greatest profit, is always asked by ihe engineer 
who is planning to build a mill. Figures on the saving actually reported by the 
mills aiv Ldv(‘n in Table 3<S8. A summary of the data in this table shows that 
the extractions of zinc range from 25 to 98%, average 75% ; of lead, from (52 to 
00%, average 83% ; of silver, from 40 to 00%, average 73% ; of gold, from 30 
to 08%, average 83% ; of copper, from 70 to 85%, average 83% ; of iron, from 
81 to 05%, averagf* 80% , two mills on pvrite show extraelions of 00 and 97% 
sulphur. Tt will be seen that there is considerable variation in the different mills^ 
the amount depending upon the individual conditions, as follows: 
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TABLE 388. — PEROEITTAGE OF EXTRACTION AND LIMITS OF CONOENTllATION. 


Mill Number or Name. Percent Extraction. 


St. Symphorien. 


11 \%% zinc. 


13 97ji sulphur.. 

14 

SulphurMines& B.B. Co. 96jt sulphur. 

15 85jt zinc 


Vieille Montague W lead and zinc 

^ j (d) 86% lead,68jC silver 76^ gold 

^ 1 (e) 90ji gold and silver 


24 87to905glead 

25 85jClead 

26 75 to 855f lead, 40^ silver. . 

27, old d0% silver and gold 

27, new 

28 Over 90}C silver and lead. . 

29 60% silver, over 90% lead. . . 

SO 76% lead, 79% silver 

31 90% lead, 80^ silver 

S2, old 

S2, new 

38 75or8U;t' : ^ *'.■ • 

34 75^ lead, : : * i 

35 90?; lead, . . 

37 90^ lead, silver, 90% zinc 

HirameUalirt -j 

Laurenburg 

Clausthal 


I Largest Size Largest Siz(‘ 

Concentrates Tailings Thi own ^ 
saved, (a) Away. («) 

Undersize of U ndersize of i ravel 

gravel screen screen No recrushing. 

lUinch inch “ “ 

% inch (6) inch ii>) 

1 inch 1 inch “ 

J inch inch “ “ 

1 inch inch “ 

About inch. A inch “ “ 

x'g inch % inch 

(c) (r) (c) 

14 inch )4 inch Through rolls set close. 

1 inch 1 inch and over.. . . No recrushing. 

2 mesh 2 mesh “ “ 

•K inch 91 inch “ “ 

flinch Minch “ “ 

clinch % inch “ “ 

•Minch (6) M inch (h) Through rolls set close. 

20 mm 10 mm “ “ “ 

1 10 mm 10 mm “ 

lo. 14 inch 0.14 inch No recnishing. 

13 mesh 8 mesh “ “ 

20 mm . . . . . . 20 mm About 1 or 2 mm. 

j j-0.25 inch 0.25 inch Through rolls set close. 

0.18 inch inch inch. 

0.4 inched) .... 0 4 inch(i») gii r( ■■!.'> .s-*. el-is-t 

7 mm 7 mm 

10 mm 10 mm A inch (b). 

2^ mm 6 mm Through rolls sot close. 

5 7 mm 5.7 ram ()..5t mm. 

38.1 mm 1 mm 1 mm. 

19.1 mm 1 mm 1 mrn. 

40 mm 16 mm 2 mm. 

6 mm 6 mm No n*tTUHhing. 

25 mm 25 mm 5 mm. 

Over 18 mm.... Over 18 inm 2J4 mm. 

Over 10 mm. . . S mm 2 mm 

15 mm Ov(‘r 15 inm 3 mm. 

7 mm 12.7 mm Through rolls sot close. 

• mm 15 mm Data not given. 

‘rlOmm.... Over 16 mm 2}4 mm. 

12.7 mm 12 7 mm Data not. gi von. 

2.> mm 20 mm 80 rne.sh 


, Undersize of 
gravel screen 

. IM inch 

. 94i“ch(6) 

. 1 inch 

2 inch 

. 1 inch 

. About 114 inch. 
. ,'sinch 

(c) 

. 14 inch 

. 1 inch 

2 mesh 

•M inch 

. M inch 

. inch 

. -M inch (6) 

. 20 mm 

10 mm 

. 0.14 inch 

. 3 mesh 

. 20 mm . . . . . . 

^ 1 0.25 inch 

- 0.18 inch 

. 0.4 inch (fe) .... 

. 7 mm 

. 10 mm 

. 2^ mm 

. 5 7 mm 

. 38.1 mm 

. 19.1 mm 

. 40 mm 

. 6 mm 

. 25 mm 

. Over 18 mm... . 
. Over 10 mm. . . 

. 15 mm 

7 mm 

. mm 

‘rlOmm.... 

.12.7 mm 

c 2.> mm 


. 80 to 85}^ copper and silver 


. 70 to 85^ copi 


. Hljg copper 


90 to 9.5;^ gold, 00% sih 


H0;i copper, silver 


Kjto 95?J gold 


01 t)0;« gold 

'62 HO to 90;^ gold . .. 

'63 90^ g(tld 

64 90 or 97 gold 

6.5 

'66 75:^gold '. 

67 97:igold 

■65 HO^ silver, H 5 ^ gold.. 

98;«gold 

‘71. !!!!;!!! 

72 

73 . . 


25 mm 

17 7 mm 

.‘18 1 mm 

51 mm 

20 mm 

1.5 9 mm 

mm. . 

leh 

4 76 mm ... . 
4 76 mm . . 

1 76 mm ... . 

I 76 mm . . 

1 76 turn . 

' 0 mrsh 
H m«*sli . 
ti mrli 

9 5 mm 

0 70 mm . 

21 m*‘sh 

1 10 mm . 

1 60 mm. . 

0 79 mm . 

0 .59 mm 

0 68.5 mm . . 

10 m»‘sli . 

0 HI mm 
0 75 mm 

2.5 im‘sh 
0 69 mm 

0 76 min.. 

0 61 mm 
0 61 mm 
0 .52 mm. .. . 

0 66 mm 

No data 


25 mrn 

18.8 mm . 

2*4 mm 

214 mm 

8 mm . . 

8 2 mm 
1 76 mm. . , 

19 mm 

1 76 mm. . . 

1 76 mm 
1 76 mm . 

1 7ti mm 
1 76 mm.. . 
60 mrsh 
H mrsli 
meh . . . 

5 mm . 

0 70 mm . 
21 mosh 

10 mosh .. 

1 6)0 mm . 

0 70 mm . 
0 ,59 mm. . . 
0 6:!5 mm 
10 mesh ., 
0 HI mm 

0 7.5 iimi . 
25 mesh . 

0 60 inm . 

0 7t) mm . 

0 61 mm 
0 61 mm 
0 52 mm. . . 
0 66 iinn. . . 
No data . . 
'• Tn(‘sh . . 


134 nnn. 

1 mm 
D.^ mm. 

91 ^ mm. 

:{ mm. 

8 2 mm. 

2 .5 mm. 

) mm 

0 1 m<‘h 

1 76 nnn 
1 76 mm 
1 76 mm 
1 76 mm 
HO mrsh 

No leenishing. 


10 nu'sh 
No HMTUshing. 



§ 833 GENERAL IDEAS ON MILLING. 

TABLE 388 . — PEROENTAGE OF EXTRACTION AND LIMITS OF 
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Mill Number or Name. 

Percent Extraction. 

Largest Size 
Concentrates 
Saved, (a) 

Largest Size 
Tailings Thrown 
Away, (a) 

Maximum Grain in the 
Finest Size to whic^ 
Middhngs are 
Recnished. 

74 

90 to OSjg gold 



No recrushing. 

it C( 

ii ii 

it ifr 

U 44 

44 44 

44 44 

44 44 

44 44 

Stamped fine. 

0.43 mm. 

30 mesh. 

0.64 mm. 

Through rolls set close* 

44 44 44 

0.6 mm. 

Through rolls set close. 
16 mesh. 

No recrushing. 

U ll 

Through rolls. 

Through rolls. 

No recrushing. 

1.5 mm. 

Through fine grinder. 

75 

75^ gold 



76 




77 



0.43 mm 

80 mesh 

78 

505i gold 


79 

55% gold 


80 

30:* gold 



81 




82 



0.52 mm 

83 

80^ silver 

0.42 mm 

84 \ 

82jg gold, 70% silver, ^% { 
lead and copper j 


85 



86 \ 

^ to 93^ gold, 76 to ^% 1 

9 mm 

TniYi 

1 

87 \ 

silver j 

85^ silver, gold, copper 1 

3 mesh 

30 mesh 


and lead j 

3 mesh 


89 

90$^ iron 

2.1 mm 

v . LXl III ••••••••«•» 

90 


6.4 mm 

R ^ tvi rvi 

91 


0.6 mm 


Joseph Wharton 

81% iron 

W inch 


Witherbee-Sherman. ... 
92 

95?^ iron 

4 mesh 

1A lYIAC'h 

Over 98* zinc 

1.5 mm.... 


93 


6 mm 


Monteponi Zinc 


W mm 

ocsiuw 7^ uimia* • • * • 
JIA mm 

Monteponi Magnetic 


6 mm 


Elmore Oil ) 


30 mesh 


Ooncentration ^Iill. | ' * 

Canada Corundum 


12 mesh 


King BroUiers (. 


19.1 mm 

1 A mrr» 

Asbestos Mine ) 





, j. including sizes hand picked. (6) Through rolls set at this space, (c) Practically same as Mill 10. 

(cf) From galena ore. (e) From py rite ore, v ^ 


(1) The Ease of the Separation, — ^An ore with considerable difference in spe- 
cific gravity bctwcoa the valuable mineral and the waste, and with the valuable 
mineral in coarse crystallization and not of a friable character, will yield a high 
extraction. 'l''he opposite conditions, however, will make the problem difficult, and 
reduce the saving, even though extra care is taken in the dressing. Note in Table 
388 that the saving of silver averages less than gold or copper, probably due to 
the greater friability and finer dissemination of silver minerals as a rule. 

(2) The Value of the Ore. — The more valuable the ore the greater is the 
extraction, as a rule. There arc two reasons for this: First, a rich ore justifies 
more care and expemse in the treatment; second, it is possible to reduce the tailings 
from a rich ore to nearly the same value as those from a poor ore. As an example 
of the sc'cond statement, the results of three runs on three lots of Nova Scotia 
free milling gold ore of different grades, but from the same mine, are given as 
follows : 


■ 

Ore Assay in Ounces 

Tailings Assay in 

Percent of Gold 


Gold per Ton 

Ounces iJold per Ton 

Extracted. 

iMin 1 . . . . 

1 23 

0 06 

95 12 

liiin 2 

0 33 

0 06 

82.74 

Run 3 

0 08 

0 05 

46 18 


''riiese figures are more favorable than would be obtained from many ores — for 
example, galena ores. 

§ 833. (3) The Ohtaining of the Maximum Profit. — This is perhaps the 
greatest factor of all in deciding the percentage of extraction. The extra care 
and expense necessary to obtain a high saving may more than offset the extra 
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amount recovered. This wiU be clear from the following table, made up on the 
assumptions that an ore containing 5% copper is being treated, that copper is 
worth $0.15 per pound in the form of concentrates, that 400 tons of ore can be 
treated per day when 75% is saved, while only 50 tons can be treated when 
95% is saved, and that the costs vary according to the amount of ore treated. 


Ore Treated 
per Day. 
Tons. 

Cost per Ton 
for Mininpr. 

Cost per Ton 
for Milling. 

Total 

Cost. 

Percent 

Extraction. 

Value of 
l^oduct. 

Profit 

Per Day. 

Per Ton. 

50 

$8.00 

$2.00 

$250 

95 

$712.50 

$462. r>o 

$0.25 

100 

2.25 

1.30 

355 

90 

1,330.00 

995.00 

9.95 

200 

1.50 

0.80 

460 

85 

2,, 530. 00 

2,090.00 

10.45 

400 

1.00 

0.30 

600 

75 

4,500.00 

3,9{X).00 

9.75 


This indicates that it is probably better to aim for an extraction of about 85’%, 
treating 200 tons, in this particular case. Possibly it might be wis(‘ to go up to 
90% extraction, treating 100 tons; this would depend upon wh(‘th(T the future 
value of the 100 tons left in the ground might increase, owing to im})rovements 
in ore dressing and in the value of the product, and also upon whetiu^r the investor 
desired to make a large or a small investment and a quick or a slow return. The 
best results technically are not always the best commercially. 

The American idea appears to be: Simple mill, small investment (in propor- 
tion to tonnage), high capacity, reduced cost, reduced perc(uitag(^ of extraction, 
increased profit per ton and quick return on the investiiumt. The European 
idea, in many cases, appears to be just the opposite. 

(4)' The Amount of Concentration, or, in Other Wordi^, the Purity of the 
Concentrates. — It is obvious that the cleaner the coriwuitrates, the greater the 
losses in the tailings, and consequently the less the saving. H<‘re, again, it is a 
question of dollars and cents — whether the increased value* of high grade* con(‘en“ 
trates more than offsets the increased los.ses in tlie tailings. Ijocal (‘onditions 
have to be studied to decide this point; high freight rat(*s will iriak(* it d(*sirable 
to eliminate as much gangue as possible; sin(*lting charg(‘s usually d(‘(‘rease as 
the quality of the concentrates incr(*aRes, exc(*pt in cases wh<*r(* ih(» nature* of the 
gangue is such as to make it valuable as a flux; ])(‘nalti(*s an* pui upon (‘(*rtain 
ores by the smelters — for example, on lead ore with ov(*r H)% zinc in (’olorado, 
and in order to comply with tliose roquir(*m(*nts it is n(‘C(*ssary to sacrific(* souk* 
of the lead, thereby lowering the percentage of (‘xfraction. 

§ 834. Limit of Concentration. — This is, as w(* hav(* alroady s(‘(‘n, a pur(‘ly 
commercial limit. The mill man .should chase* tin* valu(*s just as long as the 
amount recovered yields a profit over and above tla* cost of getting tlH‘rn; in 
reckoning this cost, the interest on tin* inv(*stni(‘nt should !>(» included. 

Cases may occur where a mill is ])uilt on tin* instalm<*nt plan. L(‘t us siip})os(* 
that we have an ore in whicli tin* valnabh* min(*ral is in coars(‘ crvstalli/ation. 
Then the simplest operation would be to crush th(‘ ore and jig it st rancid without 
any sizing or classification, the f)roducts of tin* jigs laMn^ tini'-lM'd products. 
Such a plant would probably yield the gr(*at(*st initial catch, ddic n(‘\t a(hlitiori 
would probably be to introduce* sizing and (dassifNing apfiaratus, vicldiicj prod- 
ucts to be treated separately or diilervnt jigs. N(‘\'t, fiiK* conc(‘nt rators might lx* 
added to save the values in the finer |)oriions of tin* on*, which cannot lx* lr(*at(‘d 
by the jigs. Each addition would r(‘sult in a higla*!* pcrccntag(‘ of extraction. 
Attention would probably next be giv(‘n to tlu' middlings products, and a[)[)ar'atus 
would be installed to tr(*at them — both crushing and washing nia(*hirH‘rv for tlx* 
coarse middlings, and washing machiiH'rv alone for tiic fin(*'"niiddlings. Inv(*s- 
tigation of the slimes might show that it wmuld pav to add a canvas plant to save 
the finest material. Thus additions might continue for the r(‘-{r(‘at nu'nt of the 
middlings just as long as the value's r(‘(*ovorod exceed the cost of recovc'ry. 
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To show how this question is solved in the mills, data has been collected, which 
is given in Table 388. This tells for each mill the largest size of concentrates 
saved, the largest size of tailings thrown away, and the maximum grain of the 
finest size to which middlings are recrushed. In constructing the table, no 
attention was paid to products obtained by hand picking, since many mills save 
smelting ore and also throw away waste from the ore as it comes from the mine, 
and to include these sizes would make the data misleading. 

Careful study of the table will bring out many facts. The general rule seems 
to be to save the concentrates as coarse as possible, but to crush the tailings 
considerably finer before throwing any away. Those mills in which there is no 
recrushing have concentrates saved and tailings discarded both at the same size. 
Such are the hand jigging mills (1, 2 and 3), and the sulphur mills (13 and 
14), where it does not pay to treat the products further. The gold mills (56 
et seq.) crush so fine at the start that the concentrates and tailings are both of 
the same size. There are two mills in the table (25 and new Mill 32) which are 
exceptional in that the maximum size of the tailings is larger than the maximum 
size of the concentrates. 

The finest sizes to which middlings are crushed, varies considerably in Table 
388. In those mills which do not recrush middlings, we might consider that 
the middlings gre as large as the concentrates, while in other mills the middlings 
are much smaller than the concentrates; for example, in old Mill 27 the crushing 
of middlings is continued down to-j^tlie size of the coarsest concentrates. 

Every mill man should sec that he has carried his concentration to the limit. 
Familiar examples where the limit has not been reached in the past are as follows : 
The Cornish tin mills send away so much value in the tailings that the treatment 
of them by stream workers is a lucrative business. A similar state of affairs 
occurs in some Australian gold mills which have little or no concentrating 
macliinory. Canvas plants, treating tailings from gold mills and other mills in 
this country, save values which formerly went to waste. Some of the mills at 
Butte, Montana, recrush and rewash jig tailings formerly thrown away. 

There are two sources of loss which may occur and which it is proper to speak 
about lu're: Valuable fine material may escape by being attached to coarse waste 
in the forni of dust or slime. Comparatively large sizes of concentrates may be 
carri(‘d off into the tailings by greasy flotation. 

Tlie mill man will find tliat his medium sizes of concentrates are generally the 
richest. The value of the coarse sizes is reduced by the presence of gangue 
atta(‘hed to tlu' valuable mineral in tlio form of included grains, while the fine 
sizes con fa in some free grains of waste which are difficult to remove. 

§ 835. TMNri)UN<’V and Future. — Tlio tendency is distinctly toward graded 
crushing, graded sizing and graded washing. The jigging of larger sizes is being 
e\periment(‘(l upon until ('crfain mills are jigging 1 to IJ-incli stuff with good 
n'sults in the pr(‘v<Mi(ion of slimes and in diminishing th(‘ cost of crushing. 
Although the invcmtion of tables of ilie Wilfley type has given some strength to 
th(‘ ])Ian advocated by Ualbh and Bartlett of breaking the whole lot of ore to 
a small siz(‘ Ix'fore ahst ra(‘l ing any portion of the values, yet this scheme seems 
d("-lin(Ml to h(‘ of limited aj)plicaiion only, since the former sc'henie has two 
gri'at advantag(‘s over it: th(‘ lump ore is not slimed with its resultant losses, 
and th(‘ powiu* for crushing it is sav(‘d. 

The fiitiin^ ])rogn‘ss to lie mad<' in ore dn'ssing will probably be more in the 
d(‘V('lopnH‘nt and perfin-tion of tlu' existing ])roces«('s and nuu'hinos than in the 
introduction of new ])ro('(‘ss(‘s. ‘N'ot that new processes do not appear. — for they 
ar(‘ brought out ('onstantly — but their disappearance is usually as sudden as their 
appearance. The modern wet concentration method seems nninently suited to 
most of the problems, but it is weak or altogether fails when there is only a slight 
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difference in specific gravity between the naineral and gangue or when water is 
lacking, or when dealing with very fine slimes. Under these conditionb it be- 
comes necessary to make use of some one of the special processes given in Chap- 
ter XVIII. For the separation in such cases a broad theoretic'al basis is lacking. 

The future of ore dressing as it will be affected by the tables of the Willley 
type which have been so successfully substituted for slime tables, vanners and fine 
jigs is still undecided. It seems possible that by modifying the rillles and the 
adjustments this principle may be applied with success to much coarser material 
than at present attempted. Time alone will answer this question. It seems cer- 
tain, however, that the tables of the Wilfley type have not yet reached the limit 
of their possibilities. 

Similarly the author believes, in the light of certain experiments he has made, 
that slime tables may be used successfully upon coarser sizes than at present. 

§ 836. Of all the suggestions that the autlior has to make for tlie future, the 
one to be particularly emphasized is more experimental study. Hardly a ques- 
tion has been discussed on which our knowledge is eoinplete, and on many it 
is entirely lacking. Ore dressing is a difficult art, from the fact that no two 
ores are alike, and a process must be studied out for each. The difficulty of the 
problem is commonly undervalued. One mill is design<*d to st‘parat<‘ galena, 
blende and quartz in Missouri and another for Colorado, but if eitlu'r was (‘recte(l 
in the other place it would make an entire failure. The Colorado mill treating 
galena, blende and quartz has graded crushing and sizing and crii.sh(*s everything 
to :J-ineh or less, while the Missouri mill with the same minerals biin})I\ crushes 
to a limiting size of -J-inch or larger and jigs everything on a c()aiv(‘ jig with 
open bed and much suction, thus quickly throwing away a large* amount (d* waste 
and re-treating the ^Wittem'” or remainder on oth(‘r jigs. The* (liffi^rcru'c is due 
to comparatively fine crystallization in Colorado and coarse* in Missouri, and to 
the fact that the Colorado ore carries enough silveT to justify more e'xpense 
than the non-argentiferous Missouri ore*s. .\noth(‘r example* is MilN i| and 17, 
which are both in the same locality and both treat native* cf)p{)e‘r me k. Mill 17 
has considerable mass copper, so that about 30%> of the* total prexluct is re- 
moved by hand picking (assiste‘el con^iele»ra])l\ bv drop hammer and shalges). 
Mill 44 has less mass copper, tliough there is con*^i(leral)le hami pie-king. Mdl 
44 has copper so finely diss(‘minnte*d that there hii^ to he* more* re*-! re*ai nieiil (d‘ 
products than at Mill 47. 

Ore dressing is generally left to solf-tau<rhi men who may be* (|uie*k v iltcd. but 
who, as a rule, do not know what i'^ going em in oth(*r parN of tin- \\(uld. Tlu'V 
are oftentimes not even backed l)v tin* inanageinemt. The‘y take* ^amj)le*s of 
tailings and send them to h<‘adepiar{e‘i^, a-'-av^ an* jnadr and' rc-nlN pul on lih* 
in the office for the bemefit of p(wie‘rit\, but the null man n(‘\(‘r the* r(*vnll-, 
and he is the oim man who, by M‘{*ing and uinhr'-f.indini: th<‘m, (mii bnui: ])io(ll 
to the owners therefrom. Ore dressing ^hoidd ]><• made a profc--ion. 'VUwr is 
often more to be saved by good ore dn‘ssing than bv aiutbinii <‘Uc about tlx* 
mine. 

§ 837. The slimes question is one jmint on wliuh tlu* author hcli<‘\es tla'i’c* 
is much room for improv('ment. In discussing lids (picv,(ion lluoc arc two nlcas 
to be considered: first, the means of pr(‘\(*nting slmu*'* as far as pov<il)l(»; '-(‘(ond, 
the arrangement for treating sudi a^ are nnaxoidahh madr* 

For the prevention of slimes tlu* use of grad<‘d ( nisjnng, giad(Ml si/ing and 
^aded jigging is pi-ohablv the greatest lielp. This Inw 1m on pr*<‘\ionsl\ discaissed 
in several places in the book and needs no furdher exfdanafion here. For tliu 
erushing, rolls are to be pioferrod in general to stamf)s and rnosj otlK‘r tiix* 
pulverizers. Only on rare oceasions, as for the ver\ fim* (uaishing of middling-, 
is the use of stamps justifiable. As an example of how much material may 1 m* 
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carried off as slimes, it is stated that on Eand ores in South Africa, where the 
pnlp from stamps passes over spitzkasten which yield spigot products to cyanide 
treatment and overflow to waste^ the slimes in the overflow amount to approxi- 
mately 40% of all the stamp pulp that would pass through a 90-mesh sieve. 
Less fines are also formed when crushing is done wet than dry. Screening between 
the breaker and rolls and also the use of separate rolls for coarse and fine material 
will reduce the amount of slimes. On a soft galena-blende ore at Ramsbeck, in 
Westphalia, the grizzly has only 30-mm. -spaces, instead of the usual 50 or 60-mm. 
This sends finer ore to the cobbing and avoids much of the fines which would be 
made if the stuff between 30 and 60-mm. were crushed direct by machine. While 
graded sizing will save losses by slimes, yet, when carried to extremes, the ad- 
vantage desired may be lost owing to the large amount of attrition which results 
from the rounding of the grains in passing the ore over the large number of 
screens and concentrators necessary when close sizing is used. This attrition 
causes losses in slimes. Attrition may occur in other ways, and to keep it down 
all unnecessary handling of the ore should be avoided and the necessary handling 
should be done by proper machinery. For examnle, the use of centrifugal pumps, 
especially of the radial discharge type, is to be condemned for elevating soft 
ores like galena; bucket elevators would be better. There is one loss from at- 
trition that cannot well be prevented, and that is from the wear that 
occurs in the bed of a jig. 

Slime losses may be reduced by taking care that where the coarse is separated 
from the fine it be thoroughly done. By exercising this care not only will losses 
of slimes be saved, but the washing of the coarser material is better and easier 
done. Examples of losses of slime from its being mixed with coarse are on jigs 
which are fed with imperfectly classified material, slime tables and vanners 
fed with extremely fine pulp mixed with the coarse. On the slime tables the 
very fine concentrate's are lost off the sand side of the table, while on the vanner 
they pass down with the tailings. The remedy for both of these losses is to 
separate out the extremely fine and treat it by itself. Greasy flotation (see 
§ 2) is a sour('e of slirne loss which may be partly prevented by making sure that 
the ore is thoroughly wetted at the start and that during the course of its treat- 
ment it does not liave an opportunity to prtially dry again. For getting the 
slimes away from the coarse as early as possible all the ore at Ammeberg, Sweden, 
below 2.5 Trim, goes to a hydraulic classifier, which takes out the slimes and leaves 
the r(‘ljitiv('lv coarse to go to fine screens. At Clausthal a similar plan is fol- 
lowed (s(‘e 

There are two ways in which the dilution of fine slimes may be cut down: 
First, bv screening to finer sizes, a(^optiiig the European limit of 1 to 14 mm. 
for the finest wToen instead of the 2 to 3 mm. size generally used in this country; 
second, in (aitling down ifie number of ordinary hydraulic classifiers (see § 286). 

The actual trealTnent of fine slimes is by no means an easy problem. Some 
mills, for example Mills 18, 19, 41, 42 and 43, settle the whole overflow of their 
classificTs and s(‘nd these settlings directly to the smelter without any further 
treatment. Extremely fine slimes should not ordinaiily be treated on a vanner, 
but rather on a slime table or on a canvas table, because the shaking motion does 
not allow the fine partich's to settle out of the rapid upper layer of water. The 
use of cleats on the Wilfley type of tables, however, favors the treatment of fine 

material. , ^ i* -m- 

8 83<S. Tiin:\Tivi[^NT of Mtddltnos. — (For the deriniiion of middlings, see 
introduefion p receding Chapter VTIL). All of the coarser sizes of middlings 
contain the valuable mineral mostly as included grains; these must first go to be 
broken finer before they arc further treated. The finer sizes of middlings have 
the valuable mineral more in free grains, but they are flat or elongated and hard 
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to separate from the more compact gangue. These require further slower and 
more careful treatment to separate them. 

The behavior of these grains under the various sizing and sorting operations 
which the machines give is such that a grain once found in middlings will again 
go there if re-treated on the same machine. In other words, ^^once middlings, 
always middlings.^^ The continued re-treatment of middlings on the same ma- 
chine would, therefore, make an accumulation impossible to deal with if it wert‘ 
not that readjustments are involuntarily made by the machine tender pusliing 
the richest part of the middlings into the heads, and poorest^ into the tailings, 
bringing down the percentage of values in the heads and raising them in the 
tailings. 

The middling product is so different in quality from the fa‘d from which 
it was derived, that it deserves to be treated on a special machine wliicli is properly 
qualified to handle it. The only conditions under wliich it is wise io send mid- 
dlings back to be fed over is where the quantity is too insignificant to warrant 
installing a special machine for their treatment. Mill men have not, as a rule, 
sufiieiently appreciated this. 

Examples of the foregoing are as follows: In skimming jigs, more es])eeially 
hand jigs, the middlings are put back (see § 374). In Mill 2A hultdios of No. G 
jig are returned to No. 1 whole current box classifier, wliich sends I hem again 
to No. 6 jig. Mills 23, 24, 29| and 8G send the slime tabli‘ middlings back to ihe 
table either directly or through a classifier. In Mills 22 and 35 ih(‘ table 
middlings are sent way back into the system, but it seems r<‘asona])l" io suppose 
that they ultimately come around to the table again. In Mill 21, how(‘v('r, Ihe 
slime table middlings are reground and then go hac'k to tin' tallies throuLdi a 
classifier. At Przibram some of tlie middling products ar(‘ tn‘at(‘d (.n ihe sane' 
machines that produced them. On the Wililey (abh^ tli<‘ middlnig product is 
simply elevated back and fed to th(‘ tabic again or gO(‘s to another tabl(‘. Tlc' 
Wilfley table is an ospoeially good instance of middlings us(‘d as a guard b(‘l\v(‘i‘’i 
the heads and tailings to avoid constant care and atbmtion, sinc(‘ ds action is 
such that the line of demarkation between \ho luaids and tailings is lialih* to Ix' 
constantly shifting back and forth over a limit<‘d anai. 

Accounts and Kepokts. 

§ 839. In mining and milling th<* manag(‘r should so organize* his accounts 
that he can toll pc'riodically — onc(* a month is commonly found to Ik* a uood 
interval — what have been his (‘X[)cns(‘s for labor and supplus and oiIku* t limits, 
and what his income from tin* sale of on*^, coikm'iiI rates or m''lals. TIk* com- 
parison of thos<.‘, when projicrly inlcrjindtxl, will t(‘ll him wladhcr lu* making 
or losing money. 

As milling is sim])ly a subdivision of the whoh* a<‘counl svst(*m of tin* mine and 
mill, the author will not attempt to deal with it alom*, hut will considm* llu* whole 
together. 

There may ])0 IhrcK* lines along whicli it will bi* d(‘.sirabl(* to liav(* iveord^. 
(1) The amount and caiiM* of iwh itenn of (‘\p<‘iw‘ ineiirn'd ( hilior, MipplK*^ and 
other expense) in order that a total may lx* summed u[) pcriodieall v ; siinilarlv, 
the amount and sourer of (‘ach item of incoim*, (2) IIkmI id ribut ion of llx' \anoiis 
items among the various subdivisions of the work in order to olilain a pmaodieal 
summing up of what oaeli ]xn*t of the work, for oxamph*, tlx* milliiin is (rsling. 
(3) The distribution of tlie various ihans of (‘\p(‘ns(‘ and ineonn* to Hn* didVrenl 
lots of ore from different parts of tlu* mine in ord(‘r to det<‘rmin(‘ wh(‘thc‘r some 
parts may not he working at a loss which cuts down tlu* profit from tin* rithep 
parts. The benefits of this part of the aeeonni system an* generally lost siglit 
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of^ and it is consequently rarely practiced, but the author believes that where 
it is practicable, it is the most satisfactory method of maintaining a continual 
test of the mine. 

In order to make the accounts complete and to enable comparisons to be 
made, records of the weights of ore and products have to be kept and the 
accounts reduced to a common unit, for which a ton of 2,000 pounds commonly 
serves. 

The importance of accounts and reports cannot be oYerestimated. The extra 
cost of keeping them will be more than offset by the saving made through their 
study. They will show the variation in cost and the profit and loss for each 
branch of the work, and the variation from week to week or month to month. 
A careful comparison and study of the reports by a manager will result in many 
little savings and stop many losses through leaks and waste. If time lost and 
the cause thereof appears in the report blank, the manager is able to locate the 
rovsponpibility, and by speaking to the foreman, the proper remedy will be applied 
and the time lost will rapidly dimmish. If poor concentrating is reported, the 
foreman will work up to the highest pitch of efficiency. The importance of 
having those reports all at one central point needs no comment. 

§ 840. Many designs have been made for blanks and modes of keeping ac- 
counts, For those tho reader is referred to the Bibliography at the end of this 
chap ter. The following is suggested as an outline of points to 
be covered from which designs may be made: 

(1) Exrn rating expenses, including labor, drills, powder, fuse, lights, tim- 
b(‘rs, etc. Those may be divided into stoping ore, dead work on shafts, cross 
cuts, etc., and exploration expenses. 

(2) Tramming, hoisting, pumping, ventilation, air compressing, etc., ex- 
penses. including iabor, fuel* oil, other supplies, repairs and replacements on cars 
and tracks, repairs and replacements on rope, cage or skip, shaft and engine; 
similar figun's on iho pumping, ventilating and compressing machinery. 

(3) Hiirfare e.r ponses, including carpenter, blacksmith, machinist and other 
gomu’al siirf{i('(‘ labor and supplies; also landing and tramming the hoisted ore. 

(4) Milling expenses for power, pumping and concentrating, including labor, 
fii(‘l, oil, oih(‘r siip[)lics, repairs and replacements. 

(5) Shipping e.rpenses, including the cost of shipping and marketing of the 

[)ro(hicis. . 

(('>) (\>nslrnrli()n expenses, including labor and material for all now additions 

< 111(1 ;m proviMiKUits io tlu* plan!, 

(7) General expenses, including management, office expenses, assaying, sun- 
dries, etc. -ji j. i. 

(S) Oeeasional expenses, including litigation, strikes, accidents, etc. 

(<)) Depreeialinn expenses, including interest on investment on wliole plant, 
and ^inking rnnd Io ('OV(*r d(‘preciation in machinery and buildings and the 

working oiil of Ilic min(‘. . , . p 

(10) Tola! (cs/. fii-uivd from all the preceding, and the total tonnage, from 


whicli cjin !)(' (ignr(Ml lli(‘ ('osi p(‘r ion. . « • i t 

(11) lleieipls, whi(di inav be divided into: (a) mine Hgures, including the 
tons of ore and w^asl(‘ min(‘d,'with the assay and gross value of the ore; and (b) 
th(‘ mill figuivs, including tons of ore milled, with the assay ami gross value 
of th<‘ sam(‘; tons of flicked mineral and eoneentraffis or wight (>f metal, 
bullion, (d('., wilh assay and gross value of tho same; tons of tailings (hy differ- 


ence), willi assay and gross value. ^ £ 

(12) Comparison of mine and mill worV may ho on total gross value ot 

mine on\ as eoinriared with total gross valiu^ of mill products, . > 

(13) Total net value of yield, including gross value of picked mineral. 
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concentrates^ metal, bullion, etc., from which have been deducted smelter charges, 
smelter losses and freight. Value is reckoned as total 7iGt value for the month, 
and as net value per ton of ore mined. 

(14) The financial standing may be obtained by comparing the total cost 
per month with the total net value for the month, or by comparing the cost per 
ton with the net yield per ton. 

For further suggestions for the way that items are segregated, the reader is 
referred to the subject of costs (see § 846 et seq.). In this connection should 
be noted the variation found in the methods used by different companies. For 
example, some companies will charge an item to construction account, whereas 
others will charge the same item to operating expenses. Comparisons of the 
work of different companies are not easily made under such conditions, and it is 
to be hoped that the day may soon come when a standard system of accounting 
and reporting will be in use. Suitable blanks will be designed for daily reports 
of assayers, weighers, shift bosses, mine and mill foremen, engineers, storekeepers, 
shipping clerks, etc. ; in fact, along all lines which contribute in any way to the 
monthly cost or monthly yield. The monthly account will be made up from 
these daily reports. 

The final monthly figures may be summed up into a quarterly or yearly report, 
which gives the most valuable view of the progress of the work. 

Eeports of custom mills arc practically records of tests. Examples of such 
reports of tests are given in § 891 and § 893. 

Costs. 

§841. Cost of Erecting Mills.* — The original eosi of a mill (k'pends upon 
the following considerations : 

(1) The capacity of the mill. The cost iner<‘asos with the c*ay)aeiiy, ])iii not 
in direct ratio. 

(2) Mill site and the general nature of the mill. A si(‘<q) sloping mill sit(^ 
will require expensive masonry, retaining walls and costly grading, uliicli an* 
not required if the mill is on a fiat or gently sloping siti.*. llpon the mill site 
will also depend the cost of the (‘quipment for g(*tting and storing wati'r and 
bringing it to the mill, for bringing ore to tlie mill, for shijiping (‘(mcimtrati's and' 
for disposal of tailings. 

(3) The internal details of the building (in grouping and placing \arious 

machines together) and the clioice of the niat(‘rials used in flic con'll riu 1 ion. 

Some mills use heavier machinery than otliers, and hence n'ljiiin* hca\i<'r con* 
struction. Some mills iK‘ed to lx* nmeli more* car(‘rully built to withstand |1 h“ 
elements than others. 

(4) Cost of machincTY at tin* foundry. 

(5) Duties and commissions jiaid on it, if nnv. 

(6) Cost of railroad frciglii and trans[)ortat ion from tlic nearest railroad 
station. Tliis latter is often a very larg<* item. 

(7) The local (‘ost of labor and tim])Or and other struct oral mat(‘rials (h*- 
livered. 

(8) The officienev of tlu* labor (‘m])lo\(*d in fTceting tin* plant 

(9) Tile period at wliieli the mill is built, tb<* cost being nion* at a tiniic of 

general prosperity than at a time of busin(‘Sf- d(‘pn‘ssion. I riiproveni(‘nt> (an 
be made with the least cost in dull times: on ilie ollu'r liand, nulls can lx* run 
with the greatest profit in fiusli times. 

(10) The duration of time that the works are under construct ion, drnending 

vpr\^orn]:apfe analysis of the oosf of building and ninnmp: mills with tabular data, tin* reader ik 
referred to an article by A. G Charleton 
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more or less on the willin^ess and ability of the company to make a heavy outlay 
in a short time, or to distribute the outlay over a longer period. A mill will 
cost moje when it is required to be finished within a short specified time than 
when the builder is allowed to take his time. An extremely long time of con- 
straction may be objectionable, however, on account of the loss of interest on 
idle capital and of tlie earning power of the mill. 

§ 842. Only a few examples of cost are available to the author. In using these 
the reader should bear in mind that the cost of materials fluctuates owing to 
the relative prosperity of the times, and consequently that any examples given 
should be used merely as approximations in estimating new work. The plan 
now generally used by engineers in making estimates of cost of concentrating 
plants, after deciding the method of treatment, is to apply to one or more firms 
for bids. The most complete figures in the writer’s possession are those given 
in Table 389 of a mill with a capacity of 350 tons in twenty-four hours. This 


TABLE 389. — COST OP A SSO-TON MILL IST 1891. 


Abbreviations.— B. M.=Board measure. 



Cost at 
Factory. 

Weight. 

Pounds. 

Cost of 
Freight. 

Totals. 

Grand 

Totals. 

Plans 





$345 00 

Foundations: 

Labor, p:rading 




$1,008.18 

294.00 

106.00 


Driving ^ piles, at ^ 





Timber inj^iles,' 1,325 feet at 8 cents 





Gutting oflf piles, planking up, etc 




624.00 

2,032.13 

Building:’ 

Advertising for bids 







7.80 

2,404.67 

1,095.38 

1,664.81 

918.00 


Labor cost to contractor at $13.50 per 1,000 feet (B. M.). . 





Contractor’s profit 





Lumber, 137,^64 feet (B. M.) at $12 to $13 





Lumber, 40,800 feet (B. M.) at $22.60 





A ■■ ■ ’ . 

‘ 

!■ ■ . .. ■ ■ • 

Bolts, washers, windows, etc 

Ijubor painting at 6 and 8 cents per square yard 

1^.20 

804.60 

j- 1,165.31 

8,400 

8,268 

9,000 

$^.62 

221.92 

165.46 

289.78 
526.58 
j 420.77 
1 900.00 
194.50 

8,422.12 

Machinery: 




2,042 00 
1,100 00 
260 00 

26,300 

] 

j- 71,715 

519.70 

2,561.70 





1,353 90 

6,529.90 



1,200.00 
2,616 00 

7.35.00 
940 00 

870.00 

j- 3,037 00 

525 00 

e 


J 




Air ■ ’ . . 

Tw< !. t ■ . 

T\v< ■ ■ ' 

All ' . ■ ■■■.■■ 

All iron work for t wclv(‘ 3-coiiipartment jigs 

8,200 

15.000 
14,500 

24.000 

8*700 

40.92 

299.00 

290.00 

505 45 

775.98 

1.239.00 

1.160.00 

8,542 45 

661 .50 
59.3 80 
181.12 


All iron work for sixteen 4-compartmont jigs 

Lumlier for ]igs, 20 400 feet at $22 60 

All inui woric foi 2 (hml)le-<le<*k Kvans tables 

I ji 1 rnl'>er f * M' i 1 Jit>l<‘s, M O.’iO P<^et. a.t ^22 50 

68*80 


All sen-ens, <‘asl and wrought spouting, bolts, etc 

Miseelliineoiis lianlwan^ and pipe fJ“i" 

I,iinii>er for flevators, spouting, Ian' - i-- 2’"- • a 

$17 and $1K, IM) 003 f<‘et a* $22 50 

P.in conveyor, ) tO feel long (not nS(‘(l) 

!t()iy inch IjcITel tiirlnne .. 

l’, 12.^66 
860.09 

!- 

’ 23,425 
10,000 

455 70 
139.07 

1,580 70 
999.16 

2,074 25 

1,809 27 
1,180 08 


i 

1,481 00 
1,006 63 

14,:315 

8,250 

2,145 

2,170 

2,300 

6,500 

600 

2,000 

2,000 

19,2.50 

328.27 
17:3 4.5 


Wrought iron |H|K‘an(i tlttings 

New pg gates, ext ra Ixdting and elevator cups 

( )ne <M)rriigate(l licit I'Yiie vanner 

Tlire<‘ [iliiin belt Fine vanners 

Misi'cllaneons eastings 

'I ■ .*. ■ ■ . ' ' pumps (not 1 

1 . .'.■■■ int , 1 ‘apaeity ■ i ■'» ■.a" ■ 

Mol air heal mg jil-int 

Labor MreiOing Machinery. 

Pgs . . 

446 20 
4:W HH 
7.50 00 
1,5U0 (M) 
122 9.5 
180 00 
8:38.00 
965 00 

5.5.04 
70.45 
72 45 
120 90 
1 10 
97. 15 
60 00 
480 00 

501 24 
504 :3:3 
822.45 
1,620 90 
124 05 
277 1.5 
898 00 
1,445 00 

2,670 00 
,500 00 

31,081.97 

••• •••• ••••• •••« 

Four Fi ue vanners ... . 

loo foot pan<*onve>or and reidaeing it by a track and 




100.00 

200 00 


hoist for a ear 

1>ikV\1o/hiti«# f r*i f 1 Krn 1 rMitriDQ . . .. 

f 



500 00 


lO* 1 MiK 1 n ^ 1 w i } 1 til iiiiiik^rii it ' i' •••••• 

IMaeing all shafting and otiu‘r machinery, building spout- 
ing, elevators, tionui ■ lb ■ ■ clas'-diers, tanks, etc 

Gout rai'tor’s protil on ' ' ■ work 

1 



2,120 47 


1 



1,728 40 

7,822.87 

Totals . . . 

$24,738.86 

270,003 

$5,56.3 25 


$49,704.09 
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conceDtrates, metal, bullion, etc., from wMcIl have been deducted smelter charges, 
smelter losses and freight. Value is reckoned as total net value for the month, 
and as net value per ton of ore mined. 

(14) The financM standing may be obtained by comparing the total cost 
per month with the total net value for the month, or by comparing the cost per 
ton with the net yield per ton. 

For further suggestions for the way that items are segregated, the reader is 
referred to the subject of costs (see § 846 et seq.). In this connection should 
be noted the variation found in the methods used by different companies. For 
example, some companies will charge an item to construction account, whereas 
others will charge the same item to operating expenses. Comparisons of the 
work of different companies are not easily made under such conditions, and it is 
to be hoped that the day may soon come when a standard system of accounting 
and reporting will be in use. Suitable blanks will be designed for daily reports 
of assayers, weighers, shift bosses, mine and mill foremen, engineers, storekeepers, 
shipping clerks, etc. ; in fact, along all lines which contribute in any way to the 
monthly cost or monthly yield. The monthly account will be made up from 
these daily reports. 

The final monthly figures may be summed up into a quarterly or yearly report, 
which gives the most valuable view of the progress of the work. 

Eeports of custom mills are practically records of tests. Examples of such 
reports of tests are given in § 891 and § 893. 

Costs. 

§ 841. Cost of Erecting Mills.* — The original cost of a mill depends upon 
the following considerations : 

(1) The capacity of the mill. The cost increases with the capacity, but not 
in direct ratio. 

(2) Mill site and the general nature of the mill. A steep sloping mill site 
will require expensive masonry, retaining walls and costly grading, which are 
not required if the mill is on a flat or gently sloping site. Upon the mill site 
will also depend the cost of the equipment for getting and storing water and 
bringing it to the mill, for bringing ore to the mill, for shipping concentrates and 
for disposal of tailings. 

(3) The internal details of the building (in grouping and placing various 
machines together) and the choice of the materials used in the eonsl ruction. 
Some mills use heavier machinery than others, and hence require heavier con- 
struction. Some mills need to be much more carefully built to withstand the 
elements than others. 

(4) Cost of machinery at the foundry. 

(5) Duties and commissions paid on it, if any. 

(6) Cost of railroad freight and transportation from the nearest railroad 
station. This latter is often a very large item. 

(7) The local cost of labor and timber and other structural materials de- 
livered. 

(8) The efficiency of the labor employod in erecting the plant. 

(9) The period at which the mill is built, the cost being more at a timie of 
general prosperity than at a time of business depression. Improvements can 
be made with the least cost in dull times; on the other hand, mills can h(^ run 
with the erreatest profit in flush times. 

(10) The duration of time that the works are under construction, depending 

ver^omf^ete analysis of the cost of building and running mills, with tabular data, the reader is 
referred to an article by A. G. CharletoD.s»» 



§ b43 


GENERAL IDEAS ON MILLING. 


1125 

more or less on the willin^e^ and ability of the company to make a heavy outlay 
in a short time, or to distnbute the outlay over a longer period. A mill will 
required to be finished within a short specified time than 
when the builder is allowed to take his time. An extremely long time of con- 
straction may be objectionable, however, on account of the loss of interest on 
idle capital and oi the earning power of the mill. 

§ 842. Only a few examples of cost are available to the author. In using these 
the reader should bear in mind that the cost of materials fluctuates owing to 
the relative prosperity of the times, and consequently that any examples given 
should be used merely as approximations in estimating new work. The plan 
now generally used by engineers in making estimates of cost of concentrating 
plants, after deciding the method of treatment, is to apply to one or more firms 
for bids. The most complete figures in the writer’s possession are those given 
in Table 389 of a mill with a capacity of 350 tons in twenty-four hours. This 

TABLE 389. — COST OF A SSO-TOlT MILL IN 1891. 

Abbreviations.— B. M.= Board measure. 


Plans 

Foundations: 

Labor, grading 

Driving 98 piles, at fS 

Timber in_piles, 1,825 feet at 8 cents 

Cutting off piles, planking up, etc 

Building: 

Advertising for bids 

Labor cost to contractor at $13.50 per 1.000 feet (B. M.). 

Contractor’s profit 

Lumber, 187,4W feet (B. M.) at $12 to $13 

Lumber, 40,800 feet (B. M.) at $22.60 

Asbestos sheathing 

Corrugated iron roofing 

Paints and miscellaneous hardware 

Bolts, washers, windows, etc 

Labor painting at 6 and 8 cents per square yard 

Machinery: 

Two No. 2 Gates breakers 

Eight revolving screens, complete 

Machinery for 4 belt elevators 

All gearing 

All shafting (steel), boxes, pulleys, etc 

All belting 

Two pairs 24x1 4-inch rolls 

Two pairs 22xl0-inch rolls 

All iron work for four 2- compartment jigs 

All iron work for twelve 8-corapartment jigs 

All iron work for sixteen A 

Lumber for jigs, 29.400 fei 

All iron work for 2 double-deck Kvans tables 

Lumber for these tables, 8,0.50 feet at $2^50 

r-' ■ ■ ...... : 

I I ■ ■ . 

Ij; ' ■ ; " , * ‘ * 

P.m conveyor, 140 feet long (not used) . 

SO^-uich Leffel turbine 

Wrought, iron pipe ar ! 

New jig gates, extra ■ 'rL' ji' ' r.- .. . 

f)ne corrugated-belt Frue vanner 

Three plain-belt Frue vanners 

r-' ” ■ ■ astings 

1 ' ‘ ■ pumps (not used) 

Electric light plant; capacity 150 lamps of 16 candle powerj 

Hot air heating plant 

Labor Erecting Machinery: 

32 jigs 

Two double-deck tables 

Four Frue vanners 

100-foot pan conveyor and replacing it by a track and 

hoist for a car 

R 'rlnci'’?’ ‘■wo pu^'p® beu- elevators — 

]'. i> ■M,.'-,-!! •* If' i ■* .o !i ■: la ‘‘u ■ building spout-j 
ing, elevators, " ^ 

Contractor’s pro ' y ' 


Cost at 
Factory. 


$235.20 

804.60 

[ 1,165.31 


Weight 

Pounds. 


2,400 

8,263 

9,000 


2.042.001 

1 . 100.00 1 

260.00 

1 , 200 . 00 ] 
2,616.00' 
735 00 

940.00 

870.00 

3,037.00 


525.00 


860.( 


1,481 00 
1,006 6.S 
446 20 
433.88 
750 00 
1,500 OOj 
122 95 
180 00, 
838.00' 
965 001 


Totals. 


26,300 

71,715 

2,200 

15.000 
14,500 

24.000 

3,700 

28*, 4^ 

10.000 


Cost of 
Freight. 


Totals. 


$1,008.13 

294.00 

106.00 
624.00 


$54.52 

221.92 

155.46 


519.701 

1,358 90 

40 92 
299.00 
290 00 

505.45 


14,315 
8,250 
2,145 
2,170 
2,300 
6, .500 
600 
2,000 
2,000 
19,250 


$24,738.86 270,003 $5,568 25 


68.80 


455.70 

139.071 


828.27] 
173.45 
55.04 
70.45 
72.4.5 
120 90 
1.10 
97.151 
60 00 
480 00 


7.80 
2,404.67 
1,095.88 
1,664.81 
918.00 
289.72 
526.52 
J 420.77 
)900 00 
194.50 


2.561.70 

6.529.90 

775.' 

1.239.00 

1.160.00 

3,542.45 

661.50 

593.80 

181.12 

1.580.70 
999.16 

2,074 25 

1,809 27 
1,180 08 
501 .24 
504 3:3 
822 45 

1.620.90 
124 05 
277 1.5 
898 00 

1,445 00 

2,«»70 00 
5U(I 00 
100 . 0 ( 

200 00 
500 00 
2,129 47 
1,72.3.40 


Grand 

Totals. 


$345.00 


2,032.13 


8,422.12 


31,081.97 


7,822.87 


$49,704.09 
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mill was built in 1891, when the price of iron was $15 to $18 per ton, and in a 
district where water was available for power and labor received good wages. 

§ 843. For a ten-stamp mill in Montana in 1895, having no amalgamated 
plates, but with classifiers and three vanners, the bid of a firm in the Mississippi 
valley was $4,707 ^^free on board,^^ the total weight being 72,895 pounds. A 
firm "on the Pacific coast bid $5,200 to supply the same outfit, but weighing 
68,000 pounds. This makes the cost per stamp $470.70 and $520 in the two 
cases, respectively. To get the total cost of the mill, it would be necessary to 
add the cost of the building and of the freight and installation of machines. 

Bids for the machinery for a twenty-stamp gold mill in Nevada in 1899 were 
as shown in Table 390 : 


TABLE 390. — COST OF A TWENTY-STAMP MILL IN NEVADA. 



1 At Chicago. 

1 At Denver. 

I At San Francisco. 

Weight. 

Pounds. 

Cost. 

Weight. 

Pounds. 

Cost. 

Weight. 

Pounds. 

Cost. 

Machinery for 20-stamp miU 

Power tor same 

123,320 

61,000 

31,000 

9,000 

$11,500 

6,759 

1,800 

880 

127,000 

$10,272 

120,000 

68,000 

26,000 

8, COO 

$9,750 

9,135 

2,400 

1,525 

Water supply for same 

10-ton sampling works for same 

26,300 

15,000 

1,718 

1,610 


In addition to the machinery, there were required 131.93 thousand feet of lum- 
ber for frame and fioors for the mill and sampling works. This lumber (Oregon 
pine) cost $17.50 per thousand feet ^Tree on board,^^ or $60 at the mill. There 
was also required corrugated iron for the roof and sides, but the cost of this was 
not obtained. The cost of railroad freights per 100 pounds was $1.90 from 
Chicago, $1.40 from Denver and $1.10 from San Francisco. The cost of hauling 
stuff by wagon twenty-five miles from the railroad to .the mill was $10.50 per ton. 

A small concentrating plant in Montana in 1895 cost $4,540 for machinery 
^ffree on board’^ in the Mississippi valley. This included one 10xl5-ineh Blak^ 
breaker, two 20xl0-inch Cornish rolls, two trommels, three jigs, two vanners, 
one centrifugal pump, one grizzly, pulleys, belting and one 50-horse power engine 
and*boiler. 

The cost of the hand jig mills of Missouri is simply the cost of the hand jigs. 
A complete mining and jigging plant costs about $185, dislrilnitod as follows: 
Two roughing hand jigs at $25, $50; 1 cleaning hand jig, $25; 1 horse whin 
for hoisting, $40 ; frame, $20 ; a pair of mules, $50. 

Mills in Southwest Missouri of the tvpe of Mill 9 and Mdl 10, cost $7,000 
or $8,000.3®2 

The cost of Mill 50 was as follows: machinery ^Troe on board.” $3,325; 
freight, $975; building, 81,000; installation, $1,000; total $(>,;>00, noi including 
assay office, pipe line and reservoir. 

Mill 78, which is a canvas plant, was built at a cost of $2,000, including 
everything. 

The plant at Monteponi (sec § 779), cost about £16,000 (877,760), including 
permanent way and wagons for transporting the ore between the mines, the con- 
centrators and the smelters, but not including the magnetic plant. 

A rough rule given by Vezin for the co<5t of buildings is, that space in Colo- 
rado mills does not cost more than about 15 cents per cubic foot, and sometimes 
much less. This includes all the space between the floor and roof. 

§ 844. Cost of Milling, Tnclitding in Some Instances the Cost of 
Mining. — The cost of milling will vary greatly in the same locality, and will 
depend upon the following considerations: 

(1) The general design and internal arrangements of the mill building for 
economizing labor and simplifying the plant, depending to a great extent uppn the 
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selection of a suitable site and its proper utilization, also upon the heaviness 
of construction and care in erection. The following examples illustrate this: 
Of two 40-stanip mills the difference in design makes one employ 16 men, while 
the other requires 24 men. If they were 80-stamp mills the number of men 
would be 26 against 44. Besides the smaller number of men, there is also a 
saving in supplies and repairs. At the old El Callao mill in Venezuela in 1882 
the cost was 78.30 francs ($15.11) per ton, while in the new mill in 1892 
it was 6.22 francs ($1.20). Of two 66-stamp mills in Venezuela one was poorly 
designed and built, and crushed only 93 tons daily at a cost of 18s. 9d. ($4.56) 
per ton, while the other embodied the results oi a practical millman's expe- 
rience, and crushed 143 tons daily at a cost of 6s. 3d. ($1.52) per ton. ISTote 
the difference in cost of treating material in the new and the old Himmelfahrt 
mill in § 857 ($0.17 and $2.08 per ton, respectively). 

(2) The general nature of the process depending upon the kind of ore to be 
treated. ^ The finer the crushing and the more complicated the plant the more 
costly will be the operation. Iron ores are washed by a simple plant at a cost 
of only a few cents per ton, while the treatment of silver ores by the combination 
process usually costs at least $1.00 per ton. It is clear from this how important 
it is that the selection of the process be made onl}’’ after thorough tests. 

(3) The capacity. The larger the capacity of a mill the smaller will be 

the cost per ton, since many items of expense, such as management, skilled labor, 
taxes, insurance, etc., are fixed charges and increase very little with increased 
capacity, and even common labor does not increase in proportion to the tonnage. 
Also there is a saving in a big mill from the buying of supplies in large lots 
and the making of repairs on a large scale. Increasing the capacity of a mill 
may, by cutting down cost, allow poorer ore to be treated. This will cut down 
the average yield, and at the same time the profit per ton, but the total profit 
with the larger quantity and lower yield per ton will be greater than the total 
profit with the smaller quantity and the higher yield per ton. To illustrate this, 
compare the cost in the Alaska Treadwell mill in § 853 with that of some of the 
small 40-stamp mills. The new El Callao gold stamp mill in 1888 crushed 
15,692 tons at a cost of 18.40 francs ($3.55) per ton, while in 1891 it crushed 

58,949 tons at a cost of 6.29 francs ($1.21) per ton. 

§ 845. (4) The continuity of running. This is a great factor in cost. A 

mill that is idle half the time has to keep much of its labor on the pay roll so 

that the monthly expense will not be in proportion to the time run. If the mill 
is idle for the purpose of repairing breakdowns, it may happen that the total 
monthly expense, including repairs, will be greater than the cost of running the 
mill continuously for a month. Charleton reports a mill which, if run iion- 
tinuously, could treat ore at the rate of 5s. ($1.22) per ton instead of 10^. ($2.43 ) 
as actually run. The above facts call attention to the evil of building a pi 11 
too large for the ore supply or of building any mill until the ore in fcighl 
warrants it. There often are exceptions to the last statement, where the cost of 
running a small mill part of the time is less than that of shipping the ore 
to a distant custom mill. 

(5) 4''he efficiency of the labor employed and its cost. In a large mill the 

labor is more effective, sitice it is more specialized, the skilled labor and nn«=kilhd 
being engaged in their special lines all the time, while in a ^mall mill the ^kilh d 
labor either is idle part of the time or else engaged in doing lower work. 
In large mills automatic devices saving labor are more used. It i< bo-t to avoal 
cheap skdled labor as a rule, for by paying higher wages, more intelhi^ent nan 
are secured who will be better satisfied and wall be more than worth their extra 
cost. By having intelligent skilled labor it will be found that man}’ impro\ements 
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will be made and costs will be reduced, which are not so likely to occur with 

cheap skilled labor. - i . no 

(6) The quality and price of supplies, fuel, etc., used. Supplies cost 
much more delivered to a mill in a remote district than to a mill near the railroad. 

(7) The power employed and its method of application. Many California 
mills obtain water power at a low cost, while the mills in the Black Hills have 
to use steam power at quite a large expense. 

(8) The situation of the works as regards water supply, transportation of ore 
from the mine to the mill and the disposal of tailings. A mill located at the 
mine and having ample room for a tailings^ dump saves the cost of hauling the 
ore to the mill and of hauling away the tailings. 

(9) The specific gravity of the ore. In figuring cost per ton the specific 
gravity will affect the result considerably, since heavy ores are treated as rapidly 
by volume as light ones, and therefore more rapidly by weight. 

(10) The efficiency of the general management. This is perhaps the most 
important of all. The management requires technical skill in order to take ad- 
vantage of every scientific improvement; and business ability in order to propor- 
tion wages in all departments, according to relative efficiency and usefulness; 
and to discriminate in employing the right man and the proper materials in the 
right place, and in putting on or knocking off an employe. The management 
must serve as the agent of capital on the one hand, and controller of labor on the 
other, and prevent strife between them ; at the same time maintain discipline and 
inculcate a spirit of loyalty and harmony throughout the whole working force. 

§ 846. The costs of milling given below are taken from three sources: the 
author^s visit to the mills, the official mine and mill reports, and from the mining 
periodicals. They are believed to have received the direct or indirect approval of 
the management in every case. The cost of mining is added in many cases. Such 
mills as are given by number are described in Chapter XX. 

These figures on cost of milling vary for the reasons previously given, and also 
because the method of making up accounts varies in the mills; in some of the 
quotations fixed charges, such as superintendence, taxes, insurance, etc., are not 
included. There are also variations in including other items ; some mills include 
the cost of assaying mill products, of shipping concentrates, of disposing of tail- 
ings, etc., while others do not. The amortization of capital as an item of cost is 
almost everywhere omitted. Charleton says that this should be taken as 10 or 
15% of the original cost, according to the life of the works; but it is sometimes 
taken as only 5 or 10% on the machinery, and 2.5 to 5% on the buildings. 

'^e cost of mining is as variable as the cost of milling. The mining depends : 
(l)Tupon the system used, including the method of laying out the mine, of actual 
mining, hauling, ventilation, draining and supporting the roof; (2) upon the 
quality of labor and the wages paid; (3) upon the kind of explosives and other 
supplies used and the cost of the same; (4) upon the general management; 
and (5) upon the amount of ^^dead work’^ or development required and its cost. 
This last item is one of the greatest causes of variation in the cost of mining. 
It varies with the geological formation and with the mining experience and 
judgment of the management and often even upon chance. It can be seen that 
this work requires a thorough knowledge of all kinds of ore deposits considered 
from a geological standpoint, and especially of the phenomenon and structure 
of faults. 

The same variation occurs in keeping mining accounts as in milling, and 
consequently where a lump sum, without details, is given for the cost, one cannot 
be sure whether it covers only the bare cost of mining or includes also the cost 
of development, transportation to mill and fixed charges for management, etc. 
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The cost should include the depreciation of the mine and the redemption of 
capital spent on the plant. 

§ 847. The average cost of milling by hand Jigs in the Joplin district of Mis- 
souri (see Mill 3) is about $0.50 per ton. 

Mill 10. A mill in Missouri treating 100 to 120 tons in 10 hours and sep- 
arating blende and galena from a gangue of flint and limestone. The total op- 
erating expenses including mining and milling were $0.59 per ton. Five other 
mills similar to this in the Joplin district of Missouri gave figures for mill- 
ing only, as shown in Table 391. These figures are based on actual weights 
of ore and include everything except general expense of management and 
amortization. 


TABLE 391. — COSTS OF MILLING IN THE JOPLIN DISTRICT OF MISSOURI. 



Capacity per 10 Hours* 
Tons. 

Average Cost per Ton for Several 
Consecutive Months. 


100 

80 

80 

$0,245, 0.19, 0.20, 0.18, 0.36 

$0.28, 0.26, 0.29, 0.24, 0.25, 0.32, 0.26, 0.27 

$0.44, 0.44, 0.37, 0.29, 0.44, 0.88, 0.29, 0.21 

$0.44, 0.50, 0.57 

$0.18, 0.24, 0 23 

Second mill 

Third mill 

F'^nrtb mill 

no 

Fifth mill 

140 



At the first mill the cost of $0.36 per ton was subdivided as follows: repairs 
on plant $0,044; labor $0.153 ; fuel $0.059 ; hard iron $0.031 ; light $0.009 ; lubri- 
cants $0,021; cleaning pond $0,001; tools $0,001; water $0,001; fire insurance 
$0.04; total $0.36. 

Mill 15. An 80-ton concentrating mill in Missouri separating blende from a 
gangue of flint and dolomite. A year’s work shows 33.36 tons milled per day of 
10 hours and the following are the items of cost per ton. 


Concentration. 

Labor SO 287? 

Fuel 0 0925 

Supplies 0.0545 

Oil.. 0.0097 


Total $0.3944 


Repairs. 


Labor $0.0245 

Supplies 0.0583 

Total $0.0828 

Grand total $0.4772 


These figures do not include superintendence and depreciation. 

Mill 18. A 95-ton concentrating mill in Colorado treating ore containing ar- 
gentiferous galena, blende, pyrite and quartz. The average cost of concentrating 
is about $1.00 per ton of crude ore. 

Mill 20. A 175-ton concentrating mill in Utah on pyrite in a soft quartz 
and porphyry gangue. The cost per ton of crude ore for concentrating is $0.92. 

Mill 22. A 175-ton mill in Missouri separating galena from limestone. The 
cost of mining varies with the amount of water to be handled and with the 
thickness of the ore deposit in the mine which changes the number of drills 
required. The following is a safe estimate for a well equipped mine in this local- 
ity handling 200 tons in 24 hours with ore averaging 10 feet thick. 


l‘> Drills 1 SI r)0 | 

1.- Drills, -j 1 2.5 1 


20 Sliovt'lers, trarrmit^ts, e 

I Trackmen. $1 .35, r 

^ / shift l) 0 sses, $2.00; pumpmen, $1 .50. . j 
2 ir r'lirmeer-, $1 <5; 4 firemen, $1,40 I 

2 Landei s, $1..")U, lielpers . 1 


S:i3 00 
25 00 
15 00 

14.00 


Shai pening drills, etc 

Powder and fuse 

Oil and lig;hting 

Coal— 20 tons at $2 00 


$10 00 
20 00 
4 00 
40 00 


Total $161 00 

Totai per ton . . . . .... SO 805 


This (\s{irnate does not include superintendence and such supplies as timber, etc. 

Mill 24. A 100-toii mill in Missouri separating galena from limestone contain- 
ing some silica. Mining costs $0.80 to $0.85 per ton of ore including hauling ore 
from mines to mill, hauling concentrates to smelter, ^ hauling awav the tailings 
and hauling fuel (wood on a tramway near by) ; also includes power furnished to 
run the machine shop and all repairs on the mill, tramways from mines and on 
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reservoir. Milling costs $1.25 to $1.75 per ton of ore mined. _ This includes 
all the hand sorting where from one quarter to a half of the rock is thrown out so 
that only a little over half goes to the mill. The cost of breaking the rock 
(sloping) exclusive of wheeling to the shaft and hoisting is about $0.40 to $0.45 

^^Mn?'25.’'® A 900-ton miU in Missouri separating galena from dolomite. The 
cost of dressing for the year aiding May 1, 1887, was $0,364 per ton made up of 
labor $0,134, repairs $0,100, supplies $0,035 and coal $0,095. 

§ 848. A mill in northern Idaho on argentiferous galena with a gangue of 
quartz. 


Labor Stoping. 

Foremen, bosses, blacksmiths, nippers 

supply men. 

Timbermen and carpenters, $3.60 per shift 0.038 

Miners. $3.50 per shift - 0.577 

Carmen and trammers, $2.60 per shift 

Shovelers and laborers, $2.50 per shift 0.4^ 

Contract work 0.047 

Eepairs 0-0^^ 

Total $1,489 


Supplies Stoping. 


Explosives $0,061 

Illuminants 0.024 

Lubricants 0.001 

Ironand steel O.OIS 

Miscellaneous supph'es 0.032 

Timber and laggmg 0.092 

Power supplies 0.007 

Wood 0.003 

Total $0,223 

Grand total for stoping $1 .712 


To get the total cost of mining, a certain amount must be added to this for 
development work. 


Labor Concentrating. 
Foremen, blacksmiths and machinists. 

Millmen, $3 x>er shift. 

Laborers, $2 50 per shift 

Ore sorters, contract work 

Power labor 

Crusher labor 

Bepair labor 

Total 


$0,043 

0.090 

0.010 

0.025 

0.004 

0.015 

0.019 


$0,206 


Supplies Concentrating. 


Lubricants $0,005 

Iron and steel 0.003 

Miscellaneous supplies 0 . 039 

Timber 0.002 

Roll shells 0.011 

Trommel screens 0.007 

Crusher supplies 0.003 

Power supplies 0.001 

Wood 0.023 

Stable 0.002 


Total $0,096 

Grand total $0,302 


These ‘figures do not include general expense such as superintendence, as- 
saying, depreciation, etc. 

Mill 42.^®® Copper sulphide ore with a gangue of quartz and feldspar. The 
mining expenses per ton for the year ending June 30, 1898, were as follows: 


Assay expenses and salaries $0 006 

Candles 0 029 

Coal 0 142 

Electric light 0 010 

Expenses 0 014 

Freight on ore 0.310 

Fuse and caps 0 018 

Labor 2 314 

Legal expenses 0 018 

Mess expenses 0 008 

Oil 0.012 

Personal injuries 0.025 

Powder 0 101 

Precipitating expenses 0 004 

Precipitating labor 0 013 


Precipitating scrap material 

Salaries, including management. 

Stable expenses 

Sundry supplies 

Taxes 

Timlier 

Tools and utensils 

Water 


Raiding and stnictiiP's 

repairs ^ Machinery and plant 

Constrnefion i and structures, 

construction , Machinery and plant. .. 


$0,006 
0 066 
0.004 


0.049 

0.295 

0.026 

0.015 

0.002 

0.2G1 

0.058 

o.ia5 


Total 


$3 938 


The cost of concentrating was $0.77 per ton. Goodalc^'^- says that in four mills 
treating this class of ore at Butte, Montana, the expenses of concentrating range 
from $0.35 per ton in the larger plants to $1.00 in those of smaller capacity. 
Custom work costs higher than steady work owiner to the frequent changes nec- 
essary. The cost of concentrating in Butte during ton months in 1901 and 
1902 was $0.70 per ton in three mills and $0.75 in one mill.* 

§ 849. Mill 45.^^® A 3-head steam stamp mill at Lake Superior on native 
copper amygdaloid rock. The total cost per ton for mining and milling was 
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$1.82 in 1897 and $1.60 in 1898; for stamping and 'concentrating, $0.54 in 1897 
and $0.5102 in 1898. 

Mill 46.^®®. A 6-head steam stamp mill at Lake Superior on native copper 
amygdaloid rock. The total expenses of this company in 1898 were $1.69 per 
ton of ore mined. This probably includes the cost of smelting and marketing 
the copper. The cost of stamping and concentrating was $0.28 per ton against 
$0.25 in 1897. 

Mill 47.2^° A 5-head steam stamp mill at Lake Superior on native copper 
amygdaloid rock. The total cost per ton mined in 1898 was distributed as fol- 
lows : 

$1,548 Smelting, transportation, etc $0,333 

0.38B 

0.063 Total $3,830 


Mining and milling. 

Construction 

Taxes in Michigan. 


The cost of stamping and concentrating was $0.2228 per ton. 

Mill 48.^®® A 5-head steam stamp mill at Lake Superior on native copper con- 
glomerate. The total cost per ton mined in 1898 including smelting and trans- 
portation was $2.29 ; of this the cost of mining and milling was $1.66 which 
includes a cost of $0.22402 for stamping and concentrating per ton milled. 

Atlantic mill.^®^ A 6-head steam stamp mill at Lake Superior on native cop- 
per amygdaloid. In the year 1898 the costs per ton were as follows: 


Mining, selecting and breaking, and all surface expenses, includin|: taxes, 

Transporting to mill 

Stamping and concentrating 


$0.8911 

0.0555 

0.2411 


Working expenses at mine ^ 

Freight, smelting and marketing product, including New York office expenses. 


$1.1877 

0.1604 


Total running expenses 

Total expense, inwudmg construction 


$1.8481 

1.535» 


The rock stamped was 370,767 tons. 

Wolverine mine.^^^ This is a Lake Superior native copper mine which treats 
its ores at two mills with one steam stamp each. In the year ending June 
30, 1899, 217,243 tons of rock were mined and 184,799 tons were milled. The 
costs per ton mined wore : 


Underground expenses 

Bockhouse 

Stamp mill 

Surface expenses 


,$0.8503 
. 0.0723 
, 0.3120 
. 0 0949 


Construction 

Smelting, freight and marketing copper 0.2892 


Total $1.6684 


The actual cost of stamping and concentrating per ton treated was $0.3668. 

§ 850. Mill 54.“““ A 30-stamp vanner mill in Utah on silver ore with gangue 
of quartz, siderite and calcite. Report for year 1898. Ore mined, 38.889 tons, 
of which 4,928 tons were shipped direct and 33,961 tons were milled. 


Mining.— Labor on ore 

Labor on dead work 

Labor on suiface 

Supplies, timber, fuel, etc. . . . 

Total mining 

Milling —Labor 

Supplies, fuel, etc 

Total milling 

General expenses, taxes, etc 
Gland total 


Cost per Ton 
.$1 680 
. 0 404 
. 0 615 
. 1 116 
$3 815 


0 369 

$1 096 

0 H96 


Cost per Ton Mined. 
$1 680 


0.404 

0.616 

1.116 

0 633 
0 322 


■ S3. 815 


. $0 955 
0 896 


• $5 666 


Mill 56. A ] 0-stamp gold mill in California on cement gravel. Mining and 
milling cost $1.00 to $1.50 per ton, average about $1.25, depending on the hard- 
ness and amount of boulders, quality of the air in the mine and the depth of 

^Mm 57.““ A 40-stamp gold mill in California with gangue of quartz. 
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tons.. 6*,^ 

ifeffffi'^;;'.'.:;::::;::'. ".:;: K :::;; « 

bunaceiaoo Other mill castings. . 0.016 

Total per ton $8.47 Serins 0.010 

Auwupoi ou** Sundnes 0.034 

Total per ton 10.182 

Labor.— Concentrators $0,185 

Amalgamators 0.182 

Rock breaker 0.047 

Total per ton — $0,814 

Water per ton 0.310 

Grand total per ton $0,806 

Mill 59.®*® A 40-stamp gold mill in California with a gangue of quartz and 
slate. During six months in 1900 the ore mined was 14,784 tons, the ore milled 
was 14,380 tons and the total expense was $5.97 per ton. An average of 18 
months gave the milling cost as $0.4924 per ton. 

Mill 61. A 40-stamp gold mill iu California with a gangue of quartz and 
slate. MiuiTig costs $1,673 per ton while milling costs $0,444 per ton. 

§ 851. Mill 64.®*® A 30-stamp mill in California with a gangue of 
quartz and slate. For the year ending September 30, 1896, there were 33,497 
tons mined at a cost of $3.17 per ton and 33,513 tons milled at a cost of $0,408 
per ton. These figures include all expenses. The operation of the rock break- 
ers and delivery of the ore to the mill is charged to mining. The detailed ac- 
count of mining and milling cost is as follows: 


Mining. 

Total. 

Cost per Ton. 

Mniing. 

Total 

Cost per Ton. 

Timbers 

$6,255.80 

$0,186 

Shoes 

$628.80 

$0,018 

Spiling 

2,031.55 

0,061 

Dies 

880.60 

0.011 

Lumber 

691.46 

0.020 

Screens 

108.39 

0.003 

Oharcoal 

652.40 

0.019 

Mercury 

240.71 

0.007 

Oandles 

556.90 

0.016 

Wood 

75.37 

0.002 

Powder 

1,661.87 

0.050 

Hardware, iron and steel. . 

485.15 

0.013 

Fuse 

291,33 

0,009 

Belting 

199.48 

0.006 

Caps 

62.05 

0.002 

Water for power 

1 3,188.70 

0.095 

Water for power 

8,297.25 

0.098 

Freight 

1 72.58 


Freight 

528.76 

0.016 

Cyanide 

81.00 

- 0.006 

Iron A.. 

408.15 

0.012 

on 

14.85 

Steel 

433.79 

0,013 

Grease 

5.06 


Hardware 

929.31 

0.028 

Lumber 

262.83 

1 0.008 

Oil 

262.01 

0.008 

Miscellaneous 

223.53 

0.007 

Grease and tar 

36.30 

0.001 

Assay supplies 

152.04 

0.005 

Coal 

77.11 

‘ 0.002 

Office supplies 

105.20 

! 0.003 

Miscellaneous 

1,894.13 

, 0.057 

Silver-plated plates 

224.02 

0.007 

Power drill machinery 

834.76 

0.026 

Water pipe and connection . 

718.40 

0.021 

Pump repairs 

637.60 

0.019 

Hauling sulphurets 

702.22 

0.020 

Surveying ... 

212 60 

0.006 

Express on bullion 

185.14 

0.006 

Taxes 

247 50 

0.008 

Taxes 

247.50 

0.008 

Water pipe 

59.05 

0.002 

Insurance 

59.38 

0.002 

Insurauce 

128 77 

0.004 

Superintendence and labor 

5,389.06 

0.160 

Wire rope 

892.70 

0.012 




Superintendence and labor. 

50,068 82 

1.494 

Total 

$13,099.06 

$0,408 

Total 

$72,640.36 

$•2,168 





A summary shows that of the milling cost, $0,153 was for supplies, $0,160 
for labor, and $0,095 for power. 

Mills 65, 73 and 74.^“ 60, 60 and 40-stamp gold mills respectively in Califor- 
nia with gangue of quartz and slate. The cost of milling in 1897 exclusive of 
power was $0,138 per ton. Water power is u.sod and costs but little. 

§ 852. Mill 66.^“® ®®* A 100-stamp gold mill in the Black Hills with a 

gangue of quartz and schist. The detailed coat of milling per ton for the fiscal 
year 1893-4* treating 104,995 tons was as follows: 


labor JO S.’M.t 

SuppUes 0 OIOS 

Water. 0 19R6 

Wood 0.0597 

Coal 0.1784 

Machinery 0.1097 


Oil $0.0034 

Quicksilver 0 0083 

Lumber 0 0167 

Timber 0.0165 


* At this time the mill contained only 80 stamps 
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Tlie report of the Homestake Company which includes other mills and mines 
besides Mill 66, for the year ending May 31, 1897, shows a total expense of 
$4,305 per ton divided as follows: 

Milling $1,073 Purchase of property SO 664 

Mining 2.800 

Blacksmith shop, foundry, tramway, etc 0.270 Total $4 sns 

General expenses and taxes 0.098 


Mill 67. A 20-stamp gold mill in Nova Scotia witli a gangue of quartz. 
The cost of mining on the various lodes varies from $2.00 to $8.00 per ton. 
The approximate cost of mining and milling when running full is : 


Stoping $1.90 per ton. 

Dead work (development) 0.63 

Tramming and hoisting 0.35 

Milling 0.65 


This mill is run by steam power. 

At the Oldham mill in Nova Scotia which is a 10-stamp custom mill and 
crushes 28 to 30 tons in 24 hours the cost per ton was: 


Labor $0.2730 Quicksilver $0.0205 

Supplies 0.0293 !- 

Iron (shoes and dies; 0.0264 Total $0.349‘2 

The power, superintendence and depreciation are not included. 

Mill 68. A 60-stamp gold mill in Montana with a gangue of quartz, slate, 
granite and caleite. The cost of milling is $1.15 per ton. See Mill 82. 

Mill 69.^'^® A 30-stamp gold mill in Idaho with a gangue of quartz and slate. 
The cost of mining and hauling by wagon one mile to the noill is $3.00 per 
ton. The cost of stamping and concentrating in 24 hours is : 


Labor. 

1 Crusherman $8.00 

Amalgamators 7.00 

Vanuermen 6.00 

Wheeler 8.00 

I Oiler, etc 1.50 

{Machinist 1.84 

{ Carpenter 2.00 

} Nignt watchman 1 .00 

i Foreman 1.66 

{ Assayer 1.00 


Simpiies. 

Castings, lumber, etc 

Oil 

Screens ($0.02 per ton) 

Quicksilver, belts, tacks, etc. 

Total daily supplies. . 
Total labor 

Grand total 


.$10.00 
. 1.00 
. 2.00 
. 0.50 


.$13 50 
. 27.50- 

.$41.00 


Total labor. 


.$27.50 


As the mill treats 100 tons in 24 hours this makes the cost per ton to be $0.41, 
but this does not include cost of power, superintendence and depreciation. 

Mill 72. A 40-stamp gold mill in California with a gangue of quartz and 
slate. Mining costs about $1.75 per ton and milling about $0.50. The ore 
body is from 3 to 64 feet wide. 

Mill 77.^“ A 75-stamp gold mill in Gilpin Coimty, Colorado, with a gangue 
of quartz and decomposed feldspar. The cost of milling in 1890 was $0.84 per 
ton but in 1891 it docroased to $0.78. Of this, $0.38 was for labor. 

§ 853. Gold Coins Mines Company, in Gilpin County, Colorado, mined 
20,724 tons in 1896 at a cost of $6.20 per ton made up of $2.47 for break- 
ing ore and tramming, $0.67 for hoisting, $1.14 for prospecting and dead work 
and $1.92 for general expenses. Of this, 5,358 tons were milled at Mill 77 
at a cost of $2.42 per ton and 13,916 were milled at the Kansas mill at a cost 
of $1.47 per ton. In the latter mill the details were: labor $0.62 per ton, 
supplies, fuel and water $0.55 and hauling $0.30. 

Alaska Treadwell Mill.^°® A 240-stamp gold mill on Douglas Island, Alaska, 
with a gangue of granite. For the year ending ]\la\ 31, 1899, the total expense 
for 250,408 tons was: 


Mining $0 7732 per ton. 

M " C'" "*■ 0 2776 “ 

C I .■ ii * 0 0676 “ 

S :■» ! .■■■. ■ ■!-«■ : : - 0 06io “ 

<; I'l ■:!l ■ \ ' ^ 'I- • 0.0384 “ 

(■"c . . < . : <“■- ■ . 0 0244 

Office expenses, London 0 0045 ** 


Office expenses, Paris $0 C009 per ton. 

Legal expenses, San Francisco 0 0028 “ 

Consulting engineer, expenses 0 0066 

Bullion charges 0.0200 ** 


Total $1 2880 
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Hammond”’ gives the following figures as average for a 40-stamp gold mill 
using water power. 

Mill labor $0,305 per ton. 

Assaying, retorting, 8uperintendent.(a) 0.^5 ‘‘ 

••••••• 0*07 to 0*10 

QuicSirer! ! ! .’ 0.015 to 0.04 Total $0,365 to 0.45 

(a) Superintendent gets $120 per month, and one-half is charged to mill and one-half to mine. 


Lubricants, screens, illuminants, ma- 
chinist, incidentals $0.04 to 0.08 


To this add cost of water power. If steam power is used add about $0.10 per 
ton for labor and $0.01 for repairs, lubricants, etc. 

In the cases of three representative gold stamp mills in Amador County, Cali- 
fornia,®® working profitably with mills of 20, 40 and 30 stamps respectively, the 
total costs including mining and everything were $2.35 to $3.45, $3.50 to $3.75 
and $3.10 to $3.25 per ton of ore. 

Olcott®® gives the cost of milling in several California stamp mills as varying 
from $0.20 to $0.75 per ton and in a Gilpin County, Colorado, stamp mill as 
$0.95 per ton. 

§ 854. Mill 82. A 50-stamp combination silver mill in Montana with a 
gangue of quart 2 , slate, granite and calcite. The cost of milling is $3.00 per 
ton. Mills 68 and 82 are together and the total expenses per ton for both for 
different periods of six months are as follows : 



1 Six Months Ending. 

June 30, 
1894. 

Deo. 31, 
1894. 

June 30, 
1895. 

Dec. 31, 
1898. 

June 30, 
1899. 

Total tons treated 

Working expenses, including insurance, taxes, etc. 

Permanent improvements 

London charges and sundries 

Total 

34,618 

S7.74 
0.11 I 
0.29 

88,010 

$7.44 

0.07 

0.38 

27,230 

$9.99 

0.94 

0.36 

40,130 

$5.78 

0.66 

0.29 

87,632 

$5.89 

? 

? 

$8.14 

$7.89 

$11.29 

$6.63 

? 



Mill 84.®*”*^ A 40-stamp combination silver mill in Utah with a gangue of barite, 
quartz and calcite. In the year 1896, the mill treated 38,500 tons of ore at a 
cost of $1.01 per ton; mining, transportation and other expense came to $4.92 
per ton. An estimate of the cost of mining a vein 4 feet wide is from $2.00 
to $6.00 per ton varying with the dip and the hardness of the vein. 

§ 855. De La Mar mill.®®^ A wet-stamping, pan-amalgamation silver mill 
in Idaho. The tons mined in 1897 were 40,569, of which 40,453 tons were 
milled and 116 tons sold direct to smelters. The cost of mining was $5.30 per 
ton to which $0.59 per ton has to be added as the cost of mining and marketing 
the ore sold to smelters. The cost of milling was $4.94 per ton of which $1.67 
was for labor, $2.82 for chemicals and general supplies, and the remainder 
for insurance, bullion charges, etc. 

New Elkhom mill.®®^ A dry-stamping, chloridizing-roasting and pan-amal- 
gamation mill in Montana. The cost of mining 13,830 tons in 1896 was $12.39 
per ton and of milling 13,762 tons $7.17 or a total of $19.56 per ton. 

Ontario mill.®®^ A dry-stamping, chloridizing-roasting and pan-amalgamation 
silver mill in Utah. The costs for 1896 were: 



Tons 

Per Ton 


Tons. 

Per Ton. 

Mining 

Prospwting 

Sundries 

28,912 

28.912 

28.912 
28,380 

$8,87 

4.38 

1.16 

0.44 

Milling 

Bullion expense 

Total 

30.270 

30.270 

6 16 

1 00 

Hauling 


$21 51 





Alice Mill.®®^ A dry-stamping, chloridizing-roasting and pan-amalgamation 
silver mill in Montana! In the year 1897 the cost of milling 25,702 tons wa> 
$6.11 per ton and of mining $4.15. 
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§ 856. Hibernia mill. This mill, located in New Jersey, takes magnetite 
and a ^anitie mined in an open cut, and treats it in a magnetic con- 

centrating plant at the rate of 200 tons in 10 hours. Mining costs $0.50 per 

total rf$ll5^per\^ expense of management, etc., $0.25 making a 


The Mjichigamme iron mine,®® Michigan, concentrated 180 to 200 tons of 
magnetic ore daily (probably ten honr day) at a cost of $0.18 per ton including 
craning, hoisting into mill bins, separating by magnets and loading into cars. 

The Tilly Foster mine®® in New York treating magnetic iron ore from an old 
dump at the rai:e of about 140 tons per day (probably ten hours) showed by 
its monthly reports from February to July inclusive, 1890, that the total cost 
varied from $0,700 to $0,915 per ton of ore, average $0,778. This included 
digging from the old dump, breaking, hauling by train to the mill, stamping and 
separating by magnets. The cost of the ore delivered to the mill varied from 
$0,059 to $0,097 per ton leaving the cost of actual milling to vary from $0,632 
to $0,818 per ton of ore. 


Mill 91 was designed with the idea of treating magnetic ore on a very large 
scale and thereby reducing the cost. It has been estimated that the mining 
and milling can be done for considerably less than $0.10 each per ton but as 
the plant has not yet passed beyond the experimental stage the accuracy of these 
estimates has not been demonstrated. 


Mill 92. A combination magnetic mill in New Jersey treating 200 tons in 24 
hours separating out franklinite by magnetic separators and willemite and zinc- 
ite by jigging: 


Crushing house labor, including loading into storage bins, hoisting into house, crushing, drying and 

hand picking T $0.1175 

Separating house labor, including jig runners, jig helpers and drying concentrates 0.1477 

General labor, including foremen, fireman, chemist, repair men, engineers and electricians, loaders 

ana shippers 0.2683 


Total for labor $0.5835 

Coal 0.0877 

Material for general supplies and repairs, wire cloth, oil and grease, repairs to machinery 0.1245 


Total per ton of 2,240 pounds of crude ore, 


$0.7457 


In the new mill of this company the cost has been reduced to $).40 per ton. 

Hoffman®^ gives the cost of mining, crushing, roasting, preparing and separat- 
ing one ton of magnetic concentrates from 2^ tons of ore at the Croton mines. 
New York, as $1.95. 

Clemens J ones®® estimated from tests that the total cost of one ton of magnetic 
concentrates from tons of hematite ore would be $2.88, of which $0.63 was 
for roasting and concentrating. 

Chase’s estimate^®® of the cost of cobbing, crushing, washing, crushing and 
separating one ton of magnetite from Cranberry ore in North Carolina was $0.25. 

Phillips’ estimate^®® of the total cost of one ton of magnetic concentrates from 
Cranberry ore was $6.80. His estimate'^®® for the total cost of mining, roasting, 
and concentrating magnetically three tons of Alabama hematite into one ton of 
concentrates was $1.15. 

^ 857. Three Gorman mills, treating complex lead and zinc ores, are given 
for (comparison, viz. : the Himmelfahrt mill at Freiberg, the Silberau mill at Ems 
and the Gute Hoffnung mill at St. Goar am Khein. All these mills use tlie 
Gorman continuous system of concentrating with hand picking and cobbing, 
close sizing, graded jigging, etc., and employ a large number of men, (see § 814). 

The Himmelfahrt mill treats 150 to 200 tons in ten hours, is run by steam 
power and the cost is 8 pfennig per 100 kilos or $0,173 per ton, exclusive of 
rough sorting and hand picking. As illustrative of the groat reduction in costs 
made by this mill it is interesting to note that the cost of dressing in the old 



1136 


ORE DRESSING. 


§ 85a 

Ilimmelfahrt mill about 1890 was 96.4 pfennig per 100 kilos or $2,082 per ton. 
This was distributed as follows: sorting, separating and cobbing, $0,432 per 
ton; cleaning followed by cobbing and jigging, $0,302; crushing by rolls and 
jigging, $0,104; stamping and concentrating on tables, $0,380; transportation, 
testing, etc., $0.864 ; total, $2,082. ^ 

The Silberau mill treats 200 tons in 10 hours using both steam and water 
power. In one month 3,043 tons were treated at a cost of 27 pfennig per 100 
kilos ($0,583 per ton) including repairs and general costs, or 21 pfennig per 100 
kilos ($0,453 per ton) without these. The distribution of cost about 1890 
was as follows: separating and sorting, $0,058 per ton; clean picking, $0,181; 
dressing mine fines, $0,348; dressing blende and lead ores, $0,151; total, 34.2 
pfennig per 100 kilos or $0,738 per ton. 

The Gute Hoffnung mill treats 50 to 60 tons in 10 hours at a cost of about 
20 pfennig per 100 kilos or $0,432 per ton. 

The mill at Monteponi, Sardinia, (see § 779), treating zinc and lead ores at 
the rate of 250 tons daily, costs $0,428 per ton. This includes the transport 
and treatment of the ore and the maintenance of material of the regular plant 
but does not include any of the costs of the magnetic treatment. 

Testing. 

§ 858. The choice of a method for treating any ore is very important, for 
on it will largely depend the question of profit. It is not wise simply to model 
a mill on a plant which is successfully handling a similar ore ; though apparently 
similar, the two may have characteristics that require quite different methods 
of treatment. The engineer should make careful examination and tests of the 
ore, for which various suggestions are given in the following pages. For this 
purpose he must obtain carefully taken samples from all parts of the mine; 
and should insist on a reasonable amount of development work before planning 
a mill. In some mills, only a small part of the value is recovered, in others 
the cost is excessive, because the methods employed were not intelligently planned. 
There are also a great many idle mills in which large amounts of capital have 
been uselessly invested because ordinary precautions were not taken to deter- 
mine the value of the property or to find the right method of treating the ore. Suc- 
cess depends upon the susceptibility of the ore to treatment and upon the ore 
dresser^s ability to make a wise selection of a process. At Falun, Sweden, a 
concentration plant extracted only about 75% on a copper ore and was converted 
into a lixiviation plant. The early Montana copper sulphide mills and the mill 
at Broken Hill, Hew South Wales, were designed by men who had served their 
apprenticeship at Lake Superior, and contained steam stamps, Collom jigs, etc. 
After running some time it was found that graded crushing by breakers and 
rolls would give much better results and so the mills have all been changed over. 
See also comments at end of § 760. 

If it is decided to build a mill while the mine is in the preliminary stages, 
the sensible course is to erect only a small plant to treat ihe ore until the na- 
ture and value of the deposit is clearly proved. Another srheme in such a case 
is to build a mill so arranged that the ore may be tested out in different ways. 

In treating this subject of testing, tools and a general discussion of method^ 
are first taken up; then follows a number of systematic schemes to find the best 
treatment for a new ore; and finallv is considered the testing of mills in op- 
eration, both to control the daily work of the machines and to decide what 
changes in the process may be desirable. For ores that are not suited to mechan- 
ical concentration a number of metallurgical tests are outlined in 8 894 and 

Cook ” 
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§ 859. Crushers. For crushing small quantities of ore for examination, 
the hand mortar and screen are invaluable. The mortar may give greater or 
smaller proportion of fines according to how it is used : if the undersize is sifted 
out at short intervals during the crushing, the production of fines will be di- 
minished. A little jaw breaker worked by a hand lever, crushing from two inches 
to one quarter inch, made by Taylor of San Francisco, is convenient for lots 
of a pound or two. The laboratory size of the Sturtevant roll jaw breaker, (see 
§ 40), made by the Sturtevant Mill Company of Boston, is very serviceable for 
crushing lots of from 10 to 30 pounds to i inch in diameter. A little Blake 
breaker and a pair of crushing rolls, as made by the Allis-Chalmers Company of 
Chicago, will speedily bring 100 pounds or more to any desired size, and makes 
the most serviceable plant for this class of work. The sample grinder (see 
§ 222) and the bucking board, which is a horizontal 
iron plate on which the ore is ground by hand by 
a heavy iron muller, are satisfactory only where ex- 
treme fineness is sought, as they tend to make a 
larger proportion of fines. 

ThayeFs small portable one-stamp miU^®®, made 
by John Taylor & Company, San Francisco, may 
be useful to indicate whether an ore will probably 
give good results by stamping and amalgamation. 

The mortar of this mill is circular in horizontal 
section, and has an inside diameter of 8 inches. 

The stamp, with tappet and shoe attached, weighs 
45 pounds, and has a drop of to 7 inches. The 
shoe and die, of chilled iron, are 4 inches in diam- 
eter. The discharge opening is 6X6 inches. The 
stamp can be run by either hand or power. 

A battery of stamps, weighing 225 pounds each, 
has proved very satisfactory at the Massachusetts 
Institute of Technology for making small mill tests 
on 1,000 to 2,000 pounds of gold ore. Other school 
and testing laboratories have 500-pound stamps. 

Those arc suitable for testing batches of one or more 
tons of gold ore. 

§ 860. Screens. — Circular hand screens serve 
very well for ordinary testing work. A nest of hand 
screens with a pan at the bottom (see Fig. 532) is 
very convenient. It allows a sieve scale with large 
or small intervals to be chosen at will, and the bulk 
of the sifting to be done at one time. For treat- 
ing considerable quantities of ore, it is convenient 
to have a horizontal screen 1 foot wide, 3 feet long, driven by an eccentric with 
a 2-inch throw, capable of variation, and suspended by rods so as to have an 
upward, forward motion on the forward stroke, and a dowmward, backward mo- 
tion on the return strokes thus causing the oversize to travel rapidly off the 
screen. A whole set of different sizes of screens may be kept on hand and the 
design adapted to mounting one or more of them at a time. 

The choice between round holes punched in plate and square holes in wiie 
cloth is affected by several considerations. There can be no doubt that round 
holes give the most satisfactory measure as well as the most perfect limit of size 
of grain, namely the diameter of the circle, while square holes are not really 



FIG. 532. NEST OF TE'aT- 


ING SCREENS. 
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square, but may be oblong or trapezoidal, complicating the measure if exact work 
is desired. On the other hand round holes cannot be punched smaller than 
0.5 mm. in diameter and if finer sizes are needed in the sieve scale, fine screens 
with square holes have to be used with all the attendant difiBculties of mating 
square holes to round holes in a series of screens. The author is inclined to pre- 
fer round holes for the whole set of test screens where very fine sizes are not 
needed, and square holes for the whole set where very fine sizes are needed. 
If only one set of screens is to be used it should be of square holes. 

Owing to the above mentioned disadvantages in the use of square hole screens 
of wire cloth Snyder^^® advocates the use of a special micrometer gauge which 
differs from the ordinary form used for wire, plate, etc., in that the caliper- 
ing points are tipped with discs 1 cm. in diameter. The grains to be meas- 
ured are put on the lower disc and the upper disc screwed down until it is in 
contact with the grains. The distance apart of the discs is the diameter of 
the maximum grains. 

§ 861. Eattinger’s sieve scale, which ranges up and down from 1 mm. by dou- 
bling or halving the area of successive holes, is a very satisfactory scale for 
ordinary commercial or mill tests. Table 393 shows the set of screens used 


TABLE 398. — ^DIAMETERS OF HOLES OF TESTING SCREENS. (fl) 


Rittinger 

Scale. 

Sizes 

Actually 

Obtained. 

Kind of 
Apparatus. 

Rittinger 

Scale. 

Sizes 

Actually 

Obtained. 

Kind of Apparatus. 

Mm. 

64.0 

Mm. 

68.5 

Round holes 

Mm. 

0 707 

Mm. 

0.667 

(6) Round holes. 

45 8 

44.3 


0.500 

0.493 


S2.0 

81.9 

a 14 

0.354 

0.371 

(6) Square holes in brass cloth. 

22.6 

22.8 

44 44 

0.250 

0.270 


16.0 

16.0 


0.177 

0.158 

44 44 44 44 

11.3 

11.2 

44 44 

0.125 

0.119 

44 44 44 44 

8.00 

8.02 

.4 44 

0.088 

0.073 

44 44 44 44 

5.66 

5.61 


0.063 

0.069 

(b) Square holes in silk bolting cloth. 

4.00 

8.94 


0.044 

0.047 

(c) Smallest quartz settled in water in 15 seconds. 

2 8:3 

2.69 

44 44 

o.oai 

0.034 

(c) “ “ settled in water in 80 seconds. 

2.00 

1.89 

44 44 

0 022 

0.025 

(c) “ “ settled m water in 60 seconds. 

1 41 

1,49 

44 44 

0.010 

0,019 

(c) “ “ setrled in water in 120 seconds. 

1.00 

0,945 


0.011 

0.012 

(c) “ “ settled in water in 800 seconds. 


(a) See footnote in § 866. ih) The screen holes were actually measured, a microscope being used for the 
finest, (c) The method of determining these sizes is explained in § 868. 

in the tests which are discussed in § 293, § 352, and § 863. It will be seen that 
the sizes actually obtained are very close to the theoretical Rittinger scale. It 
would have been better, in some of the tests, to have had a set with still less varia- 
tion between successive sizes. In the following set the ratio between successive 
diameters is 1.189 (= 4/2) instead of Rittinger's 1.414 (= 4/2): Gl.O, 53.8, 
45.3, 38.1, 32.0, 26.9, 22.6, 19.0, 16.0, 13.5, 11.3, 9.51, 8.00, 6.73, 5.66, 4.76, 
4.00, 3.36. 2.83, 2.38, 2.00, 1.68, 1.41, 1.19, 1.00, 0.841, 0.707, 0.595, 0.500, 
0.420, 0.354, 0.297, 0.250, 0.210, 0.177, 0.149, 0.125 mm. Snch a set as this 
is desirable for exact scientific work. The W. S. Tyler Company can supply 
square hole screens very close to these sizes (see Table' 198) ; and the Allis-Chal- 
mers Company can do the same for round holes in sizes not finer than 0.5 inrn. 

§ 862. Act of Screening. The sifting may be roughly done by placing the 
ore in the upper screen of a nest arranged as in Fig. '532, and shaking the 
whole nest together; but before each screen is taken out of the nest it should 
be shaken for a definite time in order to make the last of the fine grains pasvs 
through. One minute may be long enough for this final shaking for the coarser 
sizes, and five minutes may do for the finer sizes. Too much shaking may some- 
what increase the percentage of fines by breaking off the thin edges of the 
^ains. Too much ore should not be put on u, screen at one time, because crowd- 
ing hinders the work. 

Wet Screening. — Ordinary dry screening is hindered because the grains that 
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have about th^ same diameter as the holes become wedged in the latter; and 
also because the fines cling somewhat to the coarse portion. The difficulty is 
lessened by screening under water. Mr. Henry A. Vezin of Denver, Colorado, 
has found such a decided difference in the two methods that his screening tests 
are always made wet. The method consists in holding a nest of about three 
circular screens in a pail of water and giving them a forward and backward 
rotary motion about their vertical center. By first screening dry and finishing 
wet, one can avoid the necessity of drying most of the finest product. Mn 
Vezin has supplied the data in Table 393. The ore was composed of some py- 
rite and blende in a very hard gangue, and the dry screening was carefully 
done. 


TABLE 393. DRY VERSUS WET SCREEN-ING EOR TESTING PURPOSES. 



Quantities Obtained by | 


Quantities Obtained by 

Diameters. 

Dry 

Screening. 

Wet 

Screening. 

Diameters. 

Dry 

Screening. 

Wet 

Screening. 

Through 4.0 on 2.8 mm 

“ 2.8 on 2.0 mm 

“ 2.0 on 1.4 mm — 

“ 1.4 on 1.0 Him 

“ 1.0 on 0.61mm .. . 

% 

15.2 

2S.5 

% 

11.0 

29.5 
, 9.9 

8.8 

1 8.4 

Through 0.61 on 0.25 mm. . 

“ 0.25 on 0.12mm... 

“ 0.12 mm. 

% 

% 

10.3 

5.5 

16.6 

1 100.0 


A test showed that a quarter of the material that rested on the 1.4-nijn. 
screen after wet screening came from what remained above the 3-inm. screen in 
dry screening. In another case where 28.5% of the ore passed through a 
0.43-mm. screen by dry screening, 9.4% more passed through this screen by re- 
turning the ore to the different screens and continuing the work wet. 

§ 863. Graphical Representation of Sizing Tests , — ^A graphical method of 
representing sizing tests should, to be of value, show the relative quantities 
of ore between any two screens more clearly than is done by the tabulated fig- 
ures. It should also enable one to find the quantities between any two sizes other 
than those represented by the testing screens. 

The arithmetical difference between the largest and the smallest grains fed 
to any concentrating machine is small for the fine portion of an ore; but for 
100 

i 


•3 40 

a 

s 

O 

^0 


FIG. 533. — CUMULATIVE LOGARITHMIC PLOT OF SIZING TEST, 
the coarse portion oF the same ore the arithmetical difference is comparatively 
large. Tlio ratio oF the largest grain to the smallest, however, is approximately 
the same For botli the fine and the coarse material. For example, if the ratio 
was 1-J- on the fine jigs in a mill, it would be about the same on the coarse jigs. 
Hence it is very useful to have a method for plotting in which equal distanc^ on 
the plot represent equal ratios of diameter; in other words to represent the 
diameters on a geometrical scale. This is done in Fig. 533, which represents sam- 

* The scm 1.‘ hasl^t^so ch^ that the logarithm of any diameter must be multipUed by 16. 01 to get the 
dumber of spaces in the plot. 



3J aou 8 4 8 I as a25 ai25 0.i>b2 0 0<J1 aoit> 

^ Diametera m MiHime1»iB(LoMnlh>nic Scale*) 
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pies 1, 2, 3, 5, and 12 from Tables 211 and 256. In ^is figure, the distances 
on the horizontal scale are proportioned to the logarithms of the diameters. 
Quantities are represented by indicating, on the vertical scale, the amounts of 
ore (expressed in per cents.) larger than the corresponding diameter on the 
horizontal scale. For example, we can read off that 95% of sample No. 1 is 



larger than 16 mm. This idea is expressed in Tables 208-211 and 253-256 by 
the columns headed ^^Cumulative per cent.^^ This form of plot may be called 
a cumulative logarithmic plot. 

§ 864. Fig. 534 shows the same data, but in this ease the horizontal dis- 
tances are directly proportional to the diameters ; that is, the scale of diameters 
is arithmetical instead of geometrical. This may be called a cumulative direct 
plot. It will be noticed that, by this method, curve No. 1 stretches out so far 



FIG. 535. — SIZING TEST OF TROMMEL PRODUCTS FROM MILL 22 (SEE TABLE 208). 

that the sizes coarser than 26 mm. cannot be shown except by considerably 
increasing the size of the plot; while curve No. 12 is so compressed that wo 
cannot read the different sizes at all. To overcome this difficulty, a separate 
scale ot diameters would have to be used for each curve. The need of this, 
however, is avoided when using the logarithmic scale of Fig. bS.*! which auto- 
matically compresses curve No. 1, and expands curve No. 12. The logarithmic 


GENERAL IDEAS ON MILLING. 


§ 864 


1141 


method also represents much better to the eye the relative quality of work done 
by the various machines from which the samples were taken. It is therefore 
most useful for the careful study of a series of mill products, and is used in 
Figs. 53o to 542 to represent the trommel and classifier products from Mills 



PIG. 536.— SIZING TEST OP OLASSIEIEH PEODUOTS FROM MILL 23 (SEE taht.-r 253). 



FIG. 537. — SIZING TKST OK TROMMEL PRODUCTS FROM MILL 28 (SEE TABLE 209). 


22, 28, 30 and 38 winch are discussod in § 293 and § 352. When the object 
is simply to determine, by interpolation, the exact quantity between any two 
sizes in a sample, it may be better to use the arithmetical method of Fig. 534 
with suitable scales, than the geometrical method of Fig. 533, because it avoids 
the inconvenience of having to use logarithms. 
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§ 865. Fig. 543 shows a method of plotting the same data as in Figs. 533 
and 534 in which the percentage of ore that rests on each of the testing screens 
is plotted independently being taken from Tables 211 and 256. It may be 
called an OTd%n(iTy divcct plot^ While this method is all right for some kinds 
of data, it is misleading when used to represent sizing tests : for example, curve 




Diameterb in Milli neters ^ 

FIG. 539 — SIZING TEST OF TROMMEL PRODUCTS FROM MILL 30 (sLL TABLI. 210). 


NOo 1 might be supposed to indicate that if a 20-mm. screen had followed the 
22.3-mm. screen it would have retained 37% of the ore ; but that is absurd, 
for the 16-mm. screen retained only 29.4%, and the 20-inm. screen would, of 
course, fail to retain certain sizes that were caught by the 16-mm. screen. Each 
of the other forms of plot. Fig. 533 and Fig. 534, indicate that a 20-mm. screen 
would have retained only 12.5% of the ore. 


§ 866 GENERAL IDEAS ON MILLING IX43 

§ 866. It will be noticed on Figs. 535 to 542 that for every sample that con- 
tained material between 0.493 and 0.371 mm. there is a break in the cnr^e at 
that point. To explain this, attention is drawn to the fact that the 0 493 mm 
and all coarser screens have round holes, while the 0.371 mm. and all finer screens 



FIG. 540. — SIZING TEST OF CLASSiriEB PKODUCTS FEOM MILL 30 (SEE TABLE 255). 



FUr — SI/IN(, I I SI 01 IROMMJI. PRODUCTS FROM MTIT 38 (sEE T4.BLE 211). 


have 1 k) 1( s ' A loinul hole •^(rcon will retain finer inatciial, and tliore- 

foro TOOK Tnal( m<i 1, ilian a s(|iiaie hole screen of tlie same nominal size Conse- 
(]nentlv if the fiiu scHons could have been obtained with round hole®, the up- 
per poition of each cuive would have such a position that it could ■join the lower 

* It 1 as <lp«siial)le to use round liok screens in the tests as tar as possible because all of the nulls that sup 
Dhed sLnpi^s used roiiml h<>[e trom.riels Scpiare holes were used for the fine testscreens, because round 
hole screens ctiuld not be obtained finer than 0 493 mm 
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portion without any change of direction. As it is, however, the two portions 
can be joined only by making a sudden change in direction, which would give 
a false impression in regard to the distribution of sizes. 

§ 867. Classifiers. — ^For small tests and when it is desired to watch the 
inside of the classifier, the tubular classifier made of glass and described in 
§ 357 is useful. As glass is easily broken, however, a similar one made of metal 
as shown in Fig. 544, is usually better. The sorting column o is an iron 
pipe; the feed hopper a is of galvanized iron with a connecting pipe 6; water 
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FIG. 542. — SIZING TEST OF CLASSIFIER PRODUCTS FROM MILL 38 (SEE TABLE 256). 

is introduced through the vortex e, which is described in § 308 ; the spigot prod- 
uct passes through a piece of hose f into the bottle g; and the overflow, dis- 
charged at h, passes through the hose i and is caught in a bucket. For treat- 
ing small quantities, a 1-inch pipe is large enough for the sorting column c d, 
but for larger quantities a 1^ or 2-mch pipe is better. For very slow currents a 
3-inch pipe is desirable, because it is easier to gauge the comparatively large quan- 
tity of water required by this than the small quantity required by a 1-inch 
pipe for the same velocity of current. 



FIG. 543. — ORDINARY DIRECT PLOT OF SIZING TEST. 


For larger quantities of material than can be conveniently Irc'aU'd in the clas- 
sifier shown in Fig. 544 that shown in Figs. 545a and 515/; serves well. It 
is called a two-current classifier because there are two currents, tlic one bring- 
ing the feed and the one that rises in the sorting column, in distinction from the 
one-current classifier (Fig. 544), in which the feed is introduced without be- 
ing carried in a stream of water. In Figs. 545a and 5455 the ore is placed 
in the galvanized iron trough a, from which it is carried into the pocket h by 
a small stream of water. The baffle plate c forces the ore into the bottom 



§ 867 
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fto prev«i£°Sy*’gSin^ ^McHoSw go current, and 

reetly into the ovefflow. The sptot nrSn^ 

tle, as in Fig. 544, or an open Sot ? maTheT./ 

that discharges from the latter,^it is not Is easj to cSXrthVilntitf of 

The velocities of currents necessary to lift different sizes of grains of different 
minerals have been given in § 356 and § 357; and the quantities of water r^ 

rSle 2 f 7 column are^^ 

If a sample of ore is to be divided into several products by hydraulic clas- 




FIG. 545a. — ^ELEVATION OF TWO- 
CURRENT CLASSIFIER, PARTLY 
IN SECTION. 
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UI^NT CLASSIKLlilR 5456. — PLAN. 

MADL’ OF METAL. 


eification, it will first bo passed through the classifier run with the slowest cur- 
rent; and then the spigot product will be run with a stronger current; and 
this continued till a current is reached which carries the heaviest grains into 
the ovctHow. hlach of the overflow products is, of course, caught by itself. If 
dosir<‘d, a classifier may be made with •several pockets, as in Figs. 244a and 
2445. llie finest product will be obtained in the final overflow, the coarsest 
at the first spigot, and the intermediate products at the other spigots. 

In making a series of classified products it is well to have a fixed ratio be- 
tween the successive sorting currents. The ratio of the Rittinger sieve scale 
(1.414) will be convenient in some cases. On one occasion the author v anted 
a series of fifteen currents ranging from 12.5 to 400 mm. per second. Let- 
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ting X represent the ratio between successive currents, ^^=400, or 

x^^=32 and a;=1.28091. Using this ratio gives the currents as follows: 12.5, 
16.0, 20.5, 26.3, 33.6, 43.1, 55.2, 70.7, 90.6, 116.0, 148.6, 190.3, 243.8, 312.3 
and 400 mm. per second. 

For such work as separating scrap platinum wire from the glass and plas- 
ter of incandescent electric lamps, after pounding in a mortar, A. E. Foote 
of Philadelphia found the inclined tube shown in Fig. 546 more satisfactory 
than the vertical tube of Fig. 544. The logic of this appears to be that the 
current of water flows more freely on the upper side, a, of the tube than on the 
under side ’6. The specifically heavy platinum falls to the under side where 
it is but little affected by the water current, and discharges into the bottle c; 
while the glass and plaster are carried up by the current and discharged at d. 

§ 868. Settling Beaheirs or Jars , — ^The forms of apparatus just described 
are unsatisfactory when very slow currents (less than 10 mm. per second) are 
used. A better method in such cases is to allow the pulp to quietly settle through 

a fixed depth of water in a beaker or jar for 
a certain number of seconds. In the tests 
described in § 293 and § 352, a beaker 70 mm. 
in diameter and 110 mm. deep was filled with 
distilled water to a depth of 90 mm. ; and 5 
grams of ore which had passed through a 
screen with 0.069-mm. square holes was thor- 
oughly stirred in. After standing quietly for 
300 seconds, the water was quickly but care- 
fully poured off without disturbing the ore 
that had settled on the bottom. The beaker 
was again filled to the 90-mm. mark, and the 
process repeated. This was continued till the 
decanted water was clear. What remained in 
the beaker was similarly treated for periods of 
120, 60, 30 and 15 seconds in succession. 
Each overflow product was allowed to settle, 
the clear water siphoned off, and the ore dried 
and weighed, except the finest product, 
which was determined by difference. It wa^ 
found that in order to make duplicate tests agree, each period oJ* settling (3{)() 
seconds, 120 seconds, etc.) should be repeated the same number of times in tli-- 
separate tests; and that it is not safe to simply repeat the sell ling uiilil the water 
is clear. Five repeated settlings seem to give good results, and do not take an un- 
reasonable amount of time. 



FIG. 546. — INCLINED ONE-CUR- 
RENT CLASSIFIER. 


These tests served for the work given in § 293 and § 352, as an indirect 
method of determining the per cents, of various sizes of ore finer than the 
finest screen of Table 392. With this in view, th<‘ diameter of the smallest par- 
ticles in each settled product was determined as follows: A sairiplo was placed 
under a microscope with a micrometer measuring attachment and ihv length and 
width of the smallest particle in the field of the microscope were measured. This 
was done with 20 or more separate fields for each sample, and the average of 
all the measures was considered to represent the smallest particles in the sam- 
ple. In the ores examined for this purpose these fine settled products consisted 
almost entirely of quartz, and therefore, the quartz measurements arc taken for 
the five finest sizes given in Table 392. 

Kunhardt^® speaks of this quiet settling in breakers being used at Sehemnitz 
Hungary, as a regular method of controlling the work of classifiers; ^Tor a 
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practised eye the appearance and quantity of the sediment in the glass is a 
certain indication of the nature of the slime.” ^ 

§ 869. Settling Fine Slimes by Means of Dissolved Substances and by Seat. 
— In sampling mill products that contain slimes carried in water it should be 
remembered that the extremely fine particles may not settle in several days 
or even weeks. However, there are various substances, small quantities of whieli 
dissolved in the water will coagulate the particles into comparatively large grains, 
which settle rapidly. Such a substance should be used in everj' important 
for the fine slimes are apt to_ contain a large percentage of the value although 
they may be very small in weight. At one mill where the samples were allowed 
to settle only a short time before pouring off the water, assays of the tailings 
indicated 8 to 8^ ounces of silver per ton, but, when the slimes were thorou^lv 
settled, the tailings assay was found to be 18 ounces of silver per ton. 

The following experiments, made in the author’s laboratory, give some exact re- 
sults with the use of lime, alum, common salt, hydrochloric acid and sulphuric 
acid. The slimes were obtained by stamping a quartz ore from Forth Brookfield, 
Fova Scotia, containing some slate, a fractional percentage of arsenopyrite and 
some free gold, using a punched screen with slots inch wide and a height of 
discharge of 4 inches. After pssing over amalgamated plates and a vanner, the 
coarse portion was settled out in small tanks, while the finest slimes were carried 
into a larger tank from which the water was pumped back to the stamp mill and 
used again. After the mill run was finished and the water had remained quiet 
in the large settling tank for half an hour, a large sample of the slimy water 
was taken from the top of this tank. Fifteen careful tests showed an average 
of 12.8% suspended matter, the extreme variation being from 12.3% to 13.0%. 
The results, given in Table 394, are based on this average. The tests were made 
on one liter quantities in beakers of such size that the water stood 6^ inchea 
deep in them. 


TABLE 394. — EFFECT OF DISSOLVED SUBSTANCES IN SETTLING FINE SLIMES. 


The figures below show the percents of total slime settled out, by the use of different percents, of dissolved 

substances, in different periods of time. 




Tiin(‘ of S(‘( < ling 


Ja* hoiii 
It h )urs 

V«irvin<^ jirofioi*! ions fif snlt and of alnm wore added in fine powder and stirred 
in. Whore* linu* ((’’aO) was used, it was added as clear (filtered) lime water, 
in order io elirninalt* any possible mechanical effect of suspended lime. The lime 
water contained 0.125% CaO ; and the per cents, of OaO indicated in the table 


Tlydrochloiic Acid 


0 

0 30^ 

{) 

100 

1(K) 

100 

100 




Sulphuric Acid. 


0 l.'i'S 

0 29^ 

0 57^ 

100 

96 

99 

99 
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show the amount present after adding respectively 25, 50, 100, 200, 300 and 
500 cc. of lime water to 1,000 cc. of the slime. The tests in which liine was 
used were also stirred, to produce a thorough mixture. In this connection, it 
should be noted that while the simple addition of even the smallest quantities 
of lime used caused the slime to agglomerate into distinct grains*, a fairly 
vigorous stirring caused it to form into comparatively large flakes which settled 
much more rapidly than the grains. Violent stirring, however, tended to break 
up these flnVps and so hinder the settling somewhat The stirring seemed also to 
help the coagulation in the case of salt and alum, but it did not produce large 

§ 870. Tlie results given in the table may be in error by 5%, because the 
original amount of slime was not constant. Compare 0.02885 and 0.04167% 
CaO after one half hour. However, we may conclude that 95 to 100% of all 
the slime settled out in half an hour when as much as 1% of common salt or of 
alum was dissolved; but when nothing was added, only 22% settled out in this 
time; in fact, twenty hours were needed to settle out 95% when nothing was 
added. Weight for weight, lime is much more effective than salt or alum. The 
presence of 0.006% or more of CaO caused at least 95% of all the slime to settle 
out in one-half hour. Judging by the eye, nearly all the slime (apparently at 
least 90%) settled out in two or three minutes in the presence of 0.01136% or 
more of CaO ; and with the two smallest quantities of CaO, a large part of the 
slime settled out in two or three minutes. 

It will be noticed that even the smallest quantities of hydrochloric and sul- 
phuric acids caused everything to settle in one-half hour. With the largest 
amounts of hydrochloric acid (0.77%) and of sulphuric acid (0.57%) the 
water became almost perfectly clear in three or four minutes, and in the same 
time the smaller quantities of acid all caused very nearly complete precipitation, 
though there was a slight increase of cloudiness with the decrease of acid. 

Table 394 indicates that common salt and alum were in most cases about 
equally effective. The effect of the latter, however, was always the more rapid 
at first. This is illustrated by the results with i% of dissolved substance at the 
end of half an hour. 

In regard to the mode of using the lime, it may not be worth while in the mill 
to filter the lime water, as the suspended particles of lime will do little or no 
harm in the settling. 

In conducting the experiments, numerous tests were made to determine if any 
significant amount of salt or lime was retained in the settled slime, and allow- 
ance was made for any that was found. There should be no trouble in this re- 
spect if care is used to pour off the water as closely as possible before putting the 
settlings to dry. 

The best substance to be used in solution for one kind of slime may not be 
good for another. For example, Chatard and Whitehead^^® found that with 
slimes from a certain ore “neither lime nor common salt gave good results ; so 
sulphuric acid was tried. A slight effeiwescence was noted, and a small portion 
of the suspended material appeared to go into solution, while the rest began to 
subside ; on making the solution alkaline with caustic soda the material flocculated 
and subsided rapidly.” Chemical analvsis showed that slight quantities of iron 
oxides and alumina were dissolved bv the acid and were precipitated by the 
caustic soda. This precipitation may have helped the settling to some extent. 
It was also found that ore which was slimy and which did not settle readily 
when raw, usually settled readily after the ore had been calcined. In some 


anything to the slime, the suspended matter was too fine for the eye to distinguish indi- 
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tling out like cheese curd from whey. This result is analogous to the effect of 
stirring mentioned in § 869. 

§ 873. Jigs. — For testing lots of from 100 to 2,000 pounds, the author has 
found very convenient a three-sieve Harz jig, with sieve 9 inches square in the 
clear. The height of the tailboards is 4 inches on each sieve, and the plungers 
are the same size as the sieves. These jigs should be driven by step pulleys and 
adjustable eccentrics to permit variations in the speed and the length of throw. 
By having sieves with different sizes of holes, which drop quickly into place. 




FIG. 547c. — PLAN. 

one can jig sized products, classified products or simple crushed products at will 
with very much the same results as in large machines. The best adiustments 
for any ore have to be determined by trial, but the data given in 88 425-430 
§§ 450-453 and §§ 460-463 will serve for guidance. 

A. Vezin of Denver, Colorado, has designed a small jig (see Figs. 
5470-547 tf) which can be driven either by hand or by power, and which is very 
wnveme^ for lots weighing leas than 100 pounds. The sieve measures 3X4 
inches- The plunger is attached to the eccentric rod d, which is driven, through 
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gear i and pinion c, by the crank a. When the jig is to be run by a belt and 
pulley p instead of by hand, c is removed and the friction disc e on the driving 
Wft is pressed against the wheel f by means of the spring g. The disc e re- 
volves at a constant rate, but the speed of f can be varied by moving it along 
the eccentric shaft h to any desired distance from the center of e. The jig 
box i is made of galvanized or tinned iron. The sieve is soldered into a box k 



riG. 548. — STANDARD CORNISH VANNING SHOVEL. 

which sets into the sieve compartment of the jig. The height of the tailboard is 
varied from IJ inches to 3 inches, depending on the size of ore treated. The jig 
can be fed until the sieve box fills with concentrates, the tailings flowing off con- 
stantly. , 1 , 1 J! 

When it is dc.sirod to get information in regard to very small samples of a 
pound or less, the little jig described in § 473 will be useful. The effect of 



paratus 
rent of 


FKl. 519.— CIKCULAR VANNING SHOVEL. 

with pulsion and without suction may be .studied with 

described in i? 1C)7: for it is shown m § 470 that the continuous cur- 

lliis apparatus produces the same result as the intermittent pulsion of 


(Otiier testing jigs have been devised by Buttgenbach,"*^ Hallett^'" and Duf- 
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§ 874. The Cornish Vanning Shovel (see Figs. 548 and 549) is used 
to separate the heavy and light minerals in products from 3 or 4 mm. in diam- 
eter down to slimes^ but it is most satisfactory for products finer than 1 mnu 
It serves to ascertain whether crude ore is susceptible of concentration, whether 
concentrates contain waste sand, and whether waste sands contain valuable min- 
eral. In using the shovel a small q^uantity of pulp, is placed on the blade with 
ample water, and the shovel is given a horizontal circular motion, by which 
the heavy grains are settled. The lighter portion of the waste is then washed 
off by flowing the water across the surface. The circular motion and the flow- 
ing are repeated often enough to remove a large part of the light waste sand. 
Then, with less water than before, the concentrates are brought forward to 
form a head, by giving a few tosses to the shovel, using a peculiar jerking mo- 
tion ; and the water is flowed over this head by another peculiar motion of the 
shovel. This tossing and flowing are repeated a number of times to get a thor- 
oughly cleaned head. 

The vanning shovel is the most satisfactory tool that has thus far been pro- 
duced for quickly testing the products of vanners, tables and jigs. It enables 



FIG. 550. — ^VANNING PIG. 551. — GOLD MINERS’* FIG. 552. — BATEA. 


PLAQUE. PAN. 

the ore dresser to tell in a minute whether or not his machines arc working 
properly. 

The Vanning Plaque (see Fig. 550) is of about the same size and con- 
cavity as the vanning shovel, but has no handle. It is made of sheoi iron, 
but has a white enamelled surface which permits colored minerals to be readily 
seen. 

The Gold Miners’ Pan is used where a few very heavy grains as of gold 
are to be looked for in a mass of gravel. The pan (see Fig. 551 ) is nearly Oiled 
with gravel which is thoroughly softened up with water; the pan is shaken side- 
wise and in a circular manner to give heavy particles an opporiunity to seiile; 
water is then flowed across the top removing the top layer of waste. The shak- 
ing and flowing are repeated until the content'^ of the pan are reduced 1o a very 
^mall quantity and then the gold mav he hroughi out either by tossing it out 
as on a vanning shovel ; or, by running the water carefully around th(‘ groove 
between the bottom and the side of the pan, a head will form and the gold 
^^colors” show. 

The Batea (see Pig. 552) is worked in the same way as the pan hut the 
gold or concentrates collect at the center point which is the apex of the cone. 
Some persons prefer the pan, others the batea for this work. 
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Tub Horn Spoon has found special favor in looking for mercury in the pulp 
from amalgamated plates or pans; but it is too small for general ore dressing 
work. ° 

§ 875. Feub Vannee.— a full sized Prue Vanner (see § 480) viU be found 
well adapted to testing lots of ore weighing 500 pounds or more. The ore should 
be crushed to -jVj oi’ tV inch in diameter; and the adjustments will gen- 
erally range about as follows: Slope 3^ to 6 inches in 12 feet (for most 
purposes 4^ inches will do good work) ; feed water 20 kilograms (about 5 o-al- 
lons) j more or less, per minute ; 200 shakes per minute ; and a belt travel of 30 
to 60 inches per minute dependent on the other adjustments. The speed of 
travel should be chosen which yields heads nearly free from quartz and tail- 
ings free from coarse concentrates. 

An End Shake Vannee with belt 2 feet wide and 8 feet long between cen- 
ters of end rollers, with wash water jets 3 inches apart, having a very steep slope 
(li inches in 1 foot), making 240 shakes per minute of \ inch each and hav- 



ing a b('lt travel of HO inches a minute, is a good design for cleaning up and 
finishing lli(‘ fine eoneenirales of a canvas table. « . . 

8 87(i. .iHiiKiNd 'r'Aiii.n.— The author has found a small Wilfley table, b teet 
long. Silt i^faclory for testing purposes. For lots of a few kilos_ he ha< c^on- 
stnmted ihe liltle lahle sliown in Figs. 553a-553d. The surface is made after 
the inaauer of Ihe llallelt table, that is the riffles are made by cutting taper 
grooves in a plane surface so that there is no angle be^een the concentrahng 
plane a and the eleaning plane 6. The Bartlett driving mechanism (Fig. 
3065) is used on a< count of its simplicity, and the slope is controlled by m^ns 
of the adjustable h.-a rings p. The ore is fed from a feeder similar to Fig 
401 • wash water is applied through the jets c,- and the products drop into the 
hoppers f. m and 5. and from these mto buckets. The 

of ore going into each product is controlled by the little laiindms which are 
adjustable to the right and left. The table, being made of wood, is painted so 
that alternate wi'iting and drying shall not make it warp. 
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§ 877. Slime Table. — The most satisfactory apparatus for determining' 
the best slope and water quantity for slime tables to treat any ore would be 
a table similar to the Ferraris (see § 504). Very good results can be obtained, 
however, with the simple table shown in Figs. 554a, 5545 and 554c, which is 
6 feet long, 2 feet wide and has a surface of ground glass framed in wood. To 
prevent cracking of the glass, a piece of felt should be placed between it and the 
frame both above and bdow. The slope of the table can be adjusted by means 
of the rope a and pulley-blocks 6. For the sake of careful adjustment, it is 
well to have the rope a connected to a second set of pulley blocks overhead. The 
rope from the second set comes down to the side of the table. At the feed end 
c there should be a good distributor, such for example as Fig. 4015; and the 
discharger end d should be rounded in order to discharge the ore readily instead 
of allowing a bead to form, as happens when the edge is square. In using this 
table, it is set at some definite slope, and water is run on through the distributor 
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PIG. 554c. — ^PLAN WITHOUT SUPPORTING FRAME. 


at a definite rate. A portion of the wetted pulp, say 50 grams, is then fed in 
with the water, about 5 seconds being used for the feeding. As the products 
pass out through the spout e at the lower end, they may bo caught in a row 
of little pans set on a board, each pan being hold under the spout for say 5 sec- 
onds. The first pan will catch the first tailings, the second pan the second tail- 
ings, and so on through all grades of tailings, middlings and heads. A bucket 
will have to be used for the last heads, for considerable water must he used to 
hose them off. A series of such tests, using different slopes and different water 
quantities, will indicate the best conditions for any case. Tn applying the re- 
sults to circular convex tables, it should be remembered that the quantity of 
water per minute flowing over one foot width of the experimental table cor- 
responds to the quantity on one foot of circumference at one or two feet from 
the outer margin of the circular table. ISTear the center of the circular table 
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practically no separation takes place, because the quantity of water per foot of 
circumference is too large for good work. 

In making slime table tests, reference should be made to the conclusions in 
§ 509. 

Mtjneoe’s Laboeatoey Slime Table (see Figs. 655a-555c) has a ground 
glass surface 5 feet long and 4 inches wide, mounted in a brass frame. The 
slope may be varied by four leveling screws. Water is fed on at the head end 
by eight jets of water. The ore is put into a feed tray with eight grooves in it, 
which is pushed forward under the water jets. 

8 878. Canvas Table. — A table 10 feet long, 4 feet wide, with adjustable 
slope, is very satisfactory for testing. It should have a good distributor at the 
head'end, and a tilting tail at the lower end for shunting the tailings into one 
launder and the heads into another. The grade of canvas that gives the best 
results will have to be found by trial for each ore; but for pulp with 0.5-mm. 
and finer trains No. 6 duck will usually be satisfactory. The canvas holds the 
concentrates better when the woof (cross threads) is laid down the slope than 
when it is laid across the slope; and it is best, if possible, to have it wide enough 
so that a single width covers the whole table. 



FIO. 555a. — ELEVATION OP muneoe’s laboeatoey slime table. 



Fia. 5556. — section 
ON ab. 


FIG. 555c. — FEED 
TEAY. 


8 879 Testing bv Oil.— T he use of oil is briefly described in § 617. The 
chief principles will be here stated as a guide to those desiring to make small 

tests (1) q'ho oil or residuum should be sufficiently thick, the 

oral oils do not apiiear to act well. (3) The oil should not be f ^ken wift 
the walrn- and sand because shaking tends to form an 

the oi, does not ^ 

lionvy nnnrrjjl luis m ('onilimod spwifio l susceptible of treat- 

S xrl'rr -- 
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20 minutes. After letting it stand to allow the tailings to settle, the oil is 
poured off, gasoline added to the oil and the mixture heated to boiling which 
precipitates the sulphides. The latter are washed on a filter and assayed; 
the tailings are also assayed. 

§ 880. Testing by Heavy Solutions. — If an ore is crushed fine enough 
to sever the heavy mineral from the light, and a sample is stirred into a solu- 
tion that has a specific gravity less than the heavy nuneral but greater than 
the light mineral, there will be an immediate separation, the lighter mineral 
floating on top of the liquid and the heavier mineral sinking to the bottom. 
Sized products will yield better results than those containing all sizes. The 
following are some of the solutions that have been used: Klein's solution 
(borotungstate of cadmium), specific gravity 3.6; Braun's liquid (iodide of 
methyl), specific gravity 3.3; and Thoulet's solution (iodide of potassium and 
mercury), specific gravity 3.28.®^ Klein's and Thoulet's solutions can be diluted 
to a desired specific gravity with water; but Braun's liquid can be diluted 
onlv with petroleum, benzene or xylene. A saturated solution of zinc sulphate, 
specific gravity 1.5, is heavy enough to float some coals away from slate and 
pyrite. 

The specific gravity of mercury is 13.6, that of pure gold is 19.33. Gold 
will readily sink in mercury when thoroughly wetted by it, while quartz floats 
upon it. 

Magnet. — A permanent steel horseshoe magnet serves to pick out mag- 
netic particles from sand. A small bar electromagnet does the same more per- 
fectly. A small powerful horseshoe electroma^et with thin poles and great 
magnetic intensity (Wetherfil's magnet) will lift many substances having ex- 
tremely weak magnetism. By grading the current in this last magnet minerals 
with different degrees of magnetism may be picked out separately. 

§ 881. Amalgamation. — An amalgamation test for gold may bo made in a 
miners' pan by mixing the crushed ore with water, adding a few grains of mer- 
cury, and thoroughly agitating for a considerable time. If water is used on 
the bucking board or in the hand mortar during the crushing, the gold will prob- 
ably be brighter and amalgamate more readily. The addition of a minute 
quantity of sodium to the mercury will make it still more active in catching 
the gold. After the mercury has caught all the gold it will, it is s(q)aratcd by 
washing off the sand; then dried and distilled, and the impure gold so obtained 
can be purified by cupelling and parting according to the usual assay methods. 
Where the amalgam is clean and small in amount it is mon' (‘conomical to 
treat it with nitric acid which dissolves everything but the gold and thereby 
reduce the number of operations to one; this is not applicable when silver 
and gold are both to be determined. 

A test on a larger scale may bo made by the use of an amnlqaiudhul copper 
plate of suitable size which has been prepared with bright, cl(‘an silver amal- 
gam (see § 528). The ore fed to this should come from a small stamp or 
some machine crushing wet which will brighten the gold p'r(‘paratorv to ('(‘(‘d- 
ing it upon the plate. After the test the copper plate can \\aslu>d off (-lean 
by water and the gold valued by scraping the plate carefully to sav(‘ ili(‘ amal- 
gam (see § 532) which is then dried, distilled, cupelU'd, paiied and w(‘ighed. 
To treat the pulp from a battery of three stamps weighing 225 ])()iinds (‘ach, 
the author uses an amalgamated plate 6 feet long and 2 feet \vid<‘. 

§ 882. Ball Mill Test. — A little clean up barrel (see Fig. r)5()) has been 
used successfully for small amalgamation tests at the Massachusetts Institute 
of Technology. ^ It has an inside diameter of 16 inches and runs at 15 to 20 
revolutions a minute. Iron balls, 2 inches, 1 inch or % inch in diameter, are in- 
troduced with the sand, to brighten the gold. The mercury is fed either at 
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.Twelve H" 
Bolta to 
the Circle 


first or after the grinding has proceeded for some time as seems best for the par- 
ticular ore under treatment. The ore, in the condition of sand inch in 
diameter more or less is charged with water through the side opening. After 
the machine has been run from a half hour to three hours, as desired, the pulp 
and mercury arc discharged into one or more gold miner’s pans by removing the 
screw plug. The amalgam is panned out, cleaned, dried, retorted, cupelled, 
parted and weighed. 

Amdlgamation in a Bottle . — A 1-quart glass fruit jar may be mounted to re- 
volve slowly on the end of a shaft, and with its 
axis in line with the shaft. If gold bearing 
pulp with water and a little pure mercury is ||| ||g 

charged into the fruit jar it may be revolved a leather 

longer or shorter time to ascertain the readiness | ~ — [ 

with which the gold is taken up by quicksilver. Tl ~ ~ li~ 

A number of fruit jars may be mounted on the 1 1 

device shown in Figs. 557a and 5576, and in M l 

this way several tests can proceed at the same [*— ' foi "“[i] ^ 

time. The bottles are held by the sheet steel 
springs a; and it is well to protect the bottle 

by felt pads tacked on at 6. The machine re- sop.»piaj 

volves 6 to 10 times a minute. The results may mq. 556. — ^plan of ball mill. 
be obtained by cleaning, drying and retorting 

the amalgam,' cupelling, parting and weighing the gold; and tailings may be 
saved, dried, weighed and assayed, this assay being compared with that of the 

original ore. _ .it. 

A frame attached to an eccentric and subjected to 350 two-inch vertical throws 
per minute has been used for shaking the bottle by the Ottawa Gold Mining 
and Milling Company, at Ivecwatin, Ontario, for testing custom ores. The 


— Tap for 
Screw Flag 


^ 0"^’ > 

— 'ys. y 
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FIG. 557^.— SIDE elevation. 


method .d testing «as to tak<' from 3 to 13 charges of ® 

40-mesli or(‘ each wendiing 100 grams and having water and 100 grams of mer 
eurv ad led a a-dlale for 30 ndnutes. Results of the total charges were aver- 
ag3 and were fomul to cheek with the results of large mill runs within from 

^ Silver.-k kilogram (3.3 ^ 

ver ore may he Ireatc'd in the small amalgamating pan shovm in Fi„s 558a- 
558d. The pan is supported on four iron legs, not shown in the figure, to per- 
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mit heating by a lamp beneath. The muller or grinder revolves 120 to 150 
times a minute. The pulp should be crushed to pass through a 40-mesh screen 
before being charged. The various methods of running an amalgamating pan 
may be tried, using preli mi nary grinding with muller down, heating the pan. 



FIG. 558ct. — SECTION OF AMALGAMATING 
PAN ON LINE ODE OF FIG. 5586. 



FIG. 5586. — PLAN. 
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(rther reagents tliat may be preferred. The amalgam may be panned out in a 
miner’s pan, retorted, melted, weighed and valued; and the tailings, collected 
on filters so as to lose none of the finest portions, can be dried, weighed, and 
assayed. Tlie assay of the tailings compared with that of the original ore will 
be found to yield a better valuation of the efidciency of the process than the 
actual yield of precious metal in the amalgam. 

§ 884. Clinometehs are used to measure slopes. A carpenter^s level and foot 
rule will answer for most cases, and will give inches fall 
in 12 inches distance which is a common mode of meas- 
uring and stating the slope. The dealers in surveying 
instruments have little clinometers for measuring slope 
angles in degrees. A very good one is that known as 
Linton’s level, sold by Queen & Company of Philadel- 
phia. It measures all angles from horizontal to vertical 
down to the nearest 5 minutes of angle, and it is well 
and substantially made. 

Film Gauge. — The gauge 
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EROM FEET. 


shown in Fig. .559a, is useful for 
measuring the thickness of water 
films on tables. The needle a 
can be raised and lowered by the 
micrometer-screw i, which reads 
zero when the point of the needle 
is exactly in the same plane as the 
lower ends of the legs b b c. The 
feet b b should be far enough 
apart so that the waves e e (see 
Fig. 5596) shall not back up and 
the depth when the water is flowing in the direction indicated by the 
-irrows f / f Tho point a is lowered until contact with the "^at^ is just 
obtumed, atul th(>n the reading gives the thickness of the water film 'The W 
form of micronu'ler gauge may be made over as indicated in the sketch, and g e 

roliiiblo tool for this work. „ -r. -a i 

^ SimciFic (iitAViTV Test.— D eterminations of specific gravity are val- 

naWe to t'he ore dr.-sser m several ways. They may show that the minerals 
4 > nWu^r in snocific gravity to be well separated by methods 

I'”"'-" d.»w that the >ped«e parities 

i^'i: in S a . a i-t ‘1 sa^st letter week tha» he is deiag 

oL tlH n nu r.n. , romedv* and finally since the specific gravity 

ri;::'; a n. 2,il the w the sp^ 

the hnav, li,,: Thaa A- esantple let „s ...n»e . 

tnre ..t ,|narla (.peein,- pavil, M) and plena (specific pasity 7.5 .. a ne 

s,„.ine pa.it, nr 7. Then , 
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Microscope. — K microscope is a very great help to the ore dresser. This 
may range from a hand lens magnifying two diameters, up to a microscope mag- 
nifying 250 diameters- With it he can see if the mineral that is puzzling him 
is in very thin scales and so floats away where, by its specifle gravity, he would 
not expect it to do so; or if it is in very finely included grains in the waste 
gangue ; or again if it is in the finest slimes. In these and many other ways the 
microscope will explain questions which otherwise bafiBe the ore dresser, and will 
thus greatly assist in overcoming difficulties. By using a high power instrument 
a rapid approximate chemical analysis of a fine product may be made by count- 
ing the grains of clean concentrates, of clean gangue and of included grains in 
a restricted field. 

Assay Oepicb. — The whole testing business hinges on an assay office equipped 
with complete assay outfit such as is furnished by nearly all dealers in min- 
ing machinery. This would include crushing apparatus, screens, furnaces and 
balances for gold, silver and lead ores, and also chemical apparatus for other 
ores. The samples for analysis should be put through a sieve with 100 or 120 
meshes to the linear inch or sometimes finer and in case pellets of native metal 
occur which will not pass through the sieve these pellets should be carefully 
saved and analyzed separately. 

§ 886. Weighin-q an-d Measuring. — Several remarks are in order here. 

(1) To get an exact record of the amount of ore treated in the daily routine 
of mill work, all of the cars would be weighed both full and empty. The 
difference shows the net weight of ore. The percentage of moisture should 
be determined by means of a moisture sample, and the weight of dry ore can 
then be calculated. In commercial work the need of saving time and cost often 
causes the substitution of measuring for weighing. The weight of a car load 
of ore having once been obtained, a tally of the number of cars gives the ap- 
proximate weight of ore delivered to the mill in a given time. Where this 
method is used the figure adopted for the weight of a car load of ore should 
be obtained with care by averaging the weights of many car loads, and a new 
value should be obtained periodically to cover possible changes in Ihe wu’ghts 
of ore and the sizes of cars. A method sometimes adopted is to weigh a few 
cars taken at random every day and adopt the average weight of ore contained 
in them as the average of all cars for that day. 

(2) The weight of a cubic foot of solid rock, of broken rock, or of sand 
will have to be obtained for every mine because of the varying specific gravity of 
ore as between mine and mine. The weight of a cubic foot of unbroken quartz 
is 2.64 X 62.4 pounds=165 pounds, in which 62.4 is the weight of a cubic foot 
of water at 60°F. and 2.64 is the specific gravity of quartz. On the Kand in South 
Africa, previous to 1898, 100 pounds was assumed as the weight of i\ cubic foot 
of broken quartz, but several tests at the Ferreira miru' show(‘d onlv 95 pounds 
per cubic foot.^^® Some figures are given in the appendix allowing approx- 
imately the weights of various kinds of rock bctli brokim and in place. 

(3) One often needs to ascertain the quantity of a jirodiud [lassing some point 
in the mill. If the stream can be diverted into a bucket or barrel for a stated 
time, for example one minute, and this catcli repeated a nunib('r of times dur- 
ing the day to average up inequalities of work, tlie resulting catch represents 
the quantity passing in the total time run. This product is also availabh* for 
any sizing tests, assays or chemical examinations that mav be TH^edcd. Bc^fore 
pouring off the water the fine slimes should be carefully settled out, especially 
if the sample is to be used for assavs or sizing tesis. Dissolved sulisfances may 
be used to assist the settling (see § 869) ; and if in anv cas<‘ this is not effective, 
it may be necessary to filter the decanted water on a cloth filter or in a filter press, 
and in cases of extreme value even to evaporate the whole of the water. In 
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any case, after pouring off the water, the material should be dried before weigh- 

(4) It is often necessary to know the quantity of water passing a point 
in the mill. This should be diverted a number of times through the day and 
weighed or measured. If sand comes with the water, the former should be sep- 
arated, dried and weighed, and its weight subtracted to get the exact weight 
of water. If p represents the weight of water, in pounds, then p-f-62.4 gives 
cubic feet, and p-^8.342 gives gallons. 

§ 887. Computing Kesults.— Examples of computation are given in § 489, 
Tables 363 to 367, § 676, § 889, § 891, § 893, and § 897, and in various o-ther 
parts of the book. It should always be remembered that the value of such cal- 
culations depends on having accurate samples, weights and assays; otherwise 
the conclusions are very apt to be misleading. Too much emphasis cannot be 
laid on this point. 

One Variable at a Time. — ^Whether the ore dresser is searching for a process 


or carrying on regular mill work, he is always experimenting, trying to see if he 
cannot hit upon some set of adjustments of his machines that will yield better re- 
sults than those already employed. The importance of varying only one adjust- 
ment at a time, establishing the best value of that under the conditions submitted, 
cannot be overestimated. The moment two or more adjustments are made 
at the same tim^e the observer is at a loss to know to which the improvement 
is due. Take, for example, a jig working upon the first spigot product of a 
classifier. In establishing the best conditions we can vary the mesh of the 
sieve, the size of the bottom bed material, the depth of the bottom bed, the 
height of the tailboard, the amount of plunger throw, and the amount of hy- 
draulic water, ranging all the way from much suction to little suction, from 
a very free whole bed to a very tight whole bed. We may first try to have the 
jig make its own bottom bed, and ring in all the changes in hydraulic water, 
looking for hutch product free from gangue and tailings free from valuable min- 
eral. Next we may change the throw of the plunger, then hunt again for the 
best hydraulic water; and a number of these trials will be made until the best 
throw is found, with its corresponding hydraulic water. We next raise the 
question of trying a coarser or finer screen. After the first change is made 
we must again hunt for the best plunger throw and for the best hydraulic 
water quantity. After trying several sieves, with the throw and water 
tests that o-o with them, we may conclude that it is better not to lorce 
Ihe iiff to "make its own bottom bed, but to give it a coarser screen and 
bring bed material to it. A series of these variations can then be brought in. 
On looking over the complete record it will be easy to locate the set of concli- 
tions whiph on the whole give greatest capacity and 
tlierefore the wisest to adopt. In comparative 

the same ore should bo used for both. This is a point that is often disregarded. 


TESTING FOR A PROCESS. 

8 888. While testing for a process, many questions come to the ore dresser. 
Among them are the following; _ Should tlie ore be treated by: 

(1) Gravel screen and hand jigs. ^ ^ 

(2) TjOg washer with or without jig nnd classifier. 

(3) ■Rolls trommels, classifiers, jigs and tables or vanners; and 

nrocess come tV Secondary questions: (a) Shall we crush coarse or fine. 5) 

Shali we recrush and reconcentrate tailings, and from what 

(c) Shall wo recrush and reconcentrate middlings, and from what size to w a 
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size, {d) Shall we reeoneentrate middlings without recrushing and from what 
size to what size. 

(4) Steam stamps, classifiers, jigs and tables. 

(5) Gravity stamps, amalgamated plates and vanners with or without can- 
vas table and fine vanner. 

(6) Eolls and magnetic concentrator, as chief processes or as auxiliary to 
some other, with low or high tension magnetic field. 

(7) Cyanide for gold. 

(8) Eoasting and chlorination for gold. 

(9) Pan amalgamation preceded or not by chloridizing roasting. 

(10) Hyposulphite leaching following chloridizing roasting. 

Other questions might be framed to include phosphate, mica, corundum, 
graphite, asbestos, coal, etc. 

To help in deciding these questions, a number of tests are given below. As 
many of these should be tried as the circumstances will allow; but of course 
the ore dresser will use his experience and judgment to decide which prom- 
ise the most information. 

§ 889. Mineral Examination. — ^If representative specimens of each min- 
eral, as well as a general sample of the ore, are analyzed, the percentages of the 
different minerals can be calculated. In the following examples the 
different minerals are, for simplicity, assumed to be pure. Let us suppose 
that we have quartz (100% SiOg), calcite (56% CaO, 44% COo), siderite 
(48.3% Fe, 13.8% 0, 37.9% COJ, galena (86.6% Pb, 13.4% S), blende 
(67% Zn, 33% S), and pyrite (46.7% Pe, 53.3% S) ; and that the general 
analysis shows Pb 17.32%, Zn 3.35%, Fe 7.085%, CaO 8.4%, SiO^ 45%, S 
9.66%, CO 2 8.495%, 0 (by difference) 0.69%. Distributing these values pro- 
portionally among the different minerals gives the results shown in Table 395. 

TABLE 395. — MINBRALOGIOAL PERCENTAGE COMPUTED PROM THE CHEMICAL 

PER CENTS. 



Percent 

1 Percent Distributed among the Various Minerals. 

Material. 

in Ore. 

Quartz. 

Calcite. 

Siderite. 

Pyrite. 

Blende 

Galena. 

SiOa 

45.000 

45 






Cad 

8.400 


8.4 





Fe 

7.085 



2 415 

4.67 



s 

9.660 




5.83 

1 .fi.5 

2 fifi 

Zn 

8.350 





3.35 


Pb 

17.820 






17 32 

CO9 

8 495 


6.600 

’L89.5 ’ 




0 

.690 



.690 












Total 

100 000^ 

45% 

15 0% 

5 000% 

10 00% 

5 00% 

20 00^ 


Assays in specimens of the minerals, chosoii to represent tlie average of th(‘ 
above ore, might be found to show silver as follows: — 

Galena .. .100 ounces per ton Blende 10 ounces per ton. 

Pyrite 20 ounces per ton Quartz with a little stain . . . . 8 ounces per ton. 

These multiplied by the per cents, of the minerals from Table 395 show that 
in a ton of ore the 

70 ounces silver. 

Blende “ t lOx 55t) or 0 5 “ “ 

Quartz “ ( 3 x 465^) or 1 35 “ “ 

The mine ore then has 23.85 “ “ per ton. 

In practice no assays can be made to agree as perfectly as this and the ac- 

tual assay of the ore will differ somewhat from 23.85 ounces silver per ton. 

The above assays and analyses appear to indicate that the blende may or may 
not be thrown away according to the smelting charges on zinc ore, or the near- 
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ness of spelter furnaces; that the quartz would probably be thrown away; but 
that galena and pyrite should both be saved either together or in separate prod- 
ucts, as indicated by the cost of production and the prices paid in the market. 

Some ores will be better treated in the examination, as mineral aggregates 
rather than as pure minerals. A vein may have a streak of very finely dis- 
seminated mineral, and another streak of coarsely crystallized mineral. The 
mine ore can be separated, by screening and hand picking, into three kinds: 
mine fines, coarsely crystallized ore, and finely disseminated ore. These three 
can each be weighed up and assayed, and their relative values estimated and 
then the question will come up as to whether the finely disseminated ore shall 
be sent to stamps or jigged with the other; also whether the mine fines shall 
be treated on a separate set of machines or with the crushed ore. 

§ 890. Sizing and Assaying. — If a crushed ore or any other product be 
sized on a series of screens and all the oversizes assayed, an instructive table 
can be made of the results, and one which will show in what sizes the values 
mainly occur. Some tests of this kind are discussed in § 249 and § 489.^ 

§ 891. Hand Picking Test. — ^A sample of ore can be crushed, sized on 
screens and each size picked by hand into three heaps, heads, middlings and 
tailings, — all particles having 60% or more concentrates in them, as estimated 
by the eye, being put with the heads, all particles estimated to have less than 
50% and more than 5% of concentrates being put with the middlings, and 

TABLE 396. — MODE OF TABULATING RESULTS OF HAND PICKING TESTS. 


Heads. 



Weight. 

Assay in 
Copper. 

Weight of 
Metal. 

Percent of the 
Total Metal. 


Grams. 

50 

% 

6 

Grams. 

3.000 

9.143 


40 

6 

2.400 

7.314 

“• 8 on 5 “ * • 

30 

7 

2.100 

6.899 


25 

7 

1.750 

5.333 

(I A nn 9. 

30 

8 

2.400 

7.314 

3.657 

3.657 

2.194 

6.095 

i* 9 M r»Ti 9 “ 

15 

8 

1.200 


15 

8 

1.200 


8 

9 

0.720 


20 

10 

2.000 

0.700 


10 

7 

S.133 





63.239 


Middlings. 



On 11 3 mm 

Through U 3 on 8 mm 

** tt /^n K fifi “ 

200 

120 

25 

8 

3 

3 

C.OOO 

8.600 

0.750 

1« 200 

10 970 

2 286 

0.914 

0 457 

0.183 

0.183 

0.091 


10 

3 

0 300 

it A ftJl 

5 

8 

0.150 

ti 9 QQ 9 “ 

2 

3 

O.OCO 

0.060 

0.080 

ti O r\n *1 A'iA --- 

2 

3 

^ f>II 1.41V ■••••••••••#•••• 

44 A A^ A /Ml 1 ** 

1 

8 


0 

0 








83 374 






Tailings. 


On 11 3 inm 

Througli 11 3 on 8 mm 

“ 8 on r> fi6 “ 

“ 5 Gd on 4 “ 

“ 4 on 2 88 “ 

ii 2 83 on 2 “ 

50 

40 

70 

65 

65 

38 

2 

1 5 

1.2 

0 9 

0.9 

0.8 

1 000 

0 600 

0 840 

0 

0 m 

0.264 

0 264 

0 112 

3 077 

1 829 

2 *>60 

1 784 

1 7S4 

0 ROt 

0 ROf) 

0 .341 

0.427 

it 2 on1*414 

83 

0.8 

1 41 4 on 1 

16 

0.7 


20 

0 

0.7 

0.140 


’i‘6oo 


32 Sio’ 

13 412 

100 025 
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all particles estimated to have less than 5% of concentrates in them being put 
with the tailings. This hand picking will probably reach a fine limit at about 
1 mm. The undersize of the 1-mm. screen can be concentrated on a vanning 
shovel, a vanning plaque or a gold miners^ pan. The fine slimes will first be 
floated off, and saved either by the use of a dissolved substance (see § 869), 
by ffltering or by evaporating the water to dryness, to save the whole of the 
slimes. The vanning shovel will yield heads and tailings. Each of these prod- 
ucts may then be weighed and assayed. The results may be tabulated as in 
Table 396, which is made up for the purpose of illustration upon the assump- 
tion that 1,000 grams of a copper ore had all been crushed to pass a 16-mm. 
screen and then sized on Eittinger^s series of screens ; the weights and assays are 
also assumed. 

From this table we may draw the following conclusions: 

(1) The ore assays 3.28% copper; and if the work has been carefully done 
this is a more accurate assay than any single assay could be. 

(2) We have saved. in the heads only 53.24% of the total original value. 

(3) The coarse tailings are much too rich, and therefore the limiting size 
must be much smaller than 16 mm. 


(4) 4 mm. appears to be a safe mill limiting size; that is, nothing should 
be allowed to go to waste larger than 4 mm. 

(5) We can either work the sized products, as above indicated, by graded 
crushing and graded jigging using 16 mm. as the preliminary limit and 4 mm. 
as the final limiting size, or we can crush by graded crushing right down to 
4 mm. and then size and jig. 

(6) The fine slimes, though amounting to only 1% of the ore by weight, 
are rich enough to justify considerable care in saving them. 

(7) Taking the net average of the 4-mm. and finer sizes, we may assume 
that the ore can probably yield tailings as low as 0.84% copper and heads 
as high as 8.11% copper; and we may add the following computations: 


let r=:per cent, of metal in the mine ore; let t=per cent, of metal in the tail- 
ings; let /i=per cent, of metal in the heads; let a;=weight of tailings from 
100 tons of original ore; and let 100 — a;=weight of heads from 100 tons of 

original ore. Then a:= substituting the above figures for sake of 


and substituting the above figures for sake of 


example, we have 


100(8.11-3.28) _483.0 
8.11—0.84 ~ 7.27 


=66 44 tons of tailings, and 


100 


— rr=33. 56 tons of heads. Thus the tests and subsequent speculation indicate 
that from 100 tons of ore containing 3.28% copper (=3.280 tons or 6,560 pounds 
of total copper) we might produce 33.56 tons of heads containing 8.11% copper 
(=2.722 tons or 5,444 pounds of copper), and 66.44 tons of tailings contain- 
ing 0.84% copper (=0.558 tons or 1,116 pounds of copper), which shows a con- 
centration in the heads of 83% of the total original copper. 

Table 396 shows complete data, hut the obtaining of such a lot of figures re- 
quires a large amount of work, and it is frequently advisable to shorten the 
steps. Table 397 shows results of an actual test in Mill 30 on the recrushing of 
jig middlings by the No. 4 rolls. The feed to the rolls was sampled, sized and 
each size picked into heads, middlings and tailings; the product of the rolls was 
treated in the same way. However, instead of assaying every product separately 
as indicated in Table 396, all the products of one kind, for example, all the 
heads products in the feed, were put together and one assav made of the lot. 
Prom Table 397 may be computed the total of the heads, middlings and tailings 
in the feed to the rolls, and similarly in the product of the rolls ; a comparison of 
these two sets will show how much mineral has been freed by the crushing. 
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TABLE 397. — SIZING AND HAND PICKING TESTS IN MILL 30. 


Size. 

Feed to the Rolls. | 

Product of the Rolls. 

Weight. 

Percentage Composition as 
Selected by Hand. 

Weight. 

Percentage Composition as 
Selected by Hand. 

Heads. 

Middlings. 

Tailings. 

Heads. 

Middlings . 

Tailings. 


% 

% 

f6 

% 

% 

% 

% 

% 


0.024 




0 




'i'liroufirh 7 on 5 min 

7.821 

4.81 

41.20 

53.99 

1.827 

8.50 



47.4 

44.1 

“ 5 on 3 “ 

53.266 

5.13 

48.79 

46.08 

15.602 

5.63 

44.0 

50.3 

“ 8 mm. on 8 mesh. 

7.835 

9.00 

52.90 

88.10 

8.151 

5.80 

52.0 

42.2 

“ 8 mesh on 10 “ 

11.775 

7.70 

56.10 

86. 2J 

7.211 

9.10 

55.0 

35.9 

‘‘ 10 “ on 16 “ 

11.224 

12.70 

48.80 

88.50 

15.701 

12.80 

50. () 

36.6 

“ 16 “ on 20 “ 

5.298 

26.20 

38.70 

35.10 

22.644 

18.60 

39 9 

41.5 

“ 20 “ on 24 “ 

0.828 

40.30 

33.20 

26.50 

7.487 

22.80 

35.8 

41.4 

“ 24 “ on bO “ 





7.936 





“ SO “ on 40 “ 

V 1.934-^ 




4.482 


1 .: 

40 “ 




8.959 


1 


) ( 





1 

Lead contents 

n. 1 % 

32.3^ 

12.2% 

Trace. 

11 2% 

1 29.f:!S 

1 S.1% 

1 Trace. 


§ 892. Jigging Test. — Ad ore that is to be jigged may be enished by a 
breaker and rolls, either with or without graded crushing (see § 99), screened 
and classified, either with or without close sizing (see § 285 and § 462), and 
each product treated with suitable adjustments on a jig. In the case of small lots 
the finest sizes will be concentrated on a Yanning shovel; with larger lots they will 
be treated on a table of the Wilfley type, on a vanner, on a glass table (see 
§ 877) or on a canvas table. Each product should be weighed and assayed and 
the results tabulated as in § 891, to assist in drawing conclusions as to the best 
method of treatment. 

Fine Concentration Test. — An ore needing rather fine crushing and only 
a small r(‘duction (perhaps 3 tons of ore into 2 tons of concentrates) has been 
successfully treated by the author in the following way : Crush by breaker and 
rolls to pass througli a screen with 1-mm. square holes, send to a three-spigot 
classifier and treat on a Wilfley table. The ore contained finely disseminated 
pyritc (to be used for sulphuric acid manufactnrers), a little chalcopyrite, ^d 
a quartz- feldspar-mica gangue. The first spigot product was clean pyrite. The 
second spigot, treated on the Wilfley table, yielded pyrite, chalcopyrite and 
gangue. The third and the overflow yielded the same. The fine slimes, being too 
rich in copper to throw away, were caught in a settling tank and treated as con- 


centrates. 

Cauvan Tahlen and Steep End Shake Vanner.— If the Pme vaimer or 
Wilflc'V tabic is to treat an ore in which the concentrates have a ven’ high 
($50 or more per ton), the question of saving the extremely fine slimes, which 
tlicM' machines lose, rises to commercial importance. The vanner when well run 
saves all llie coarser concentrates, but loses a considerable part of that ’s 

finer than about one-tentb the diameter of the maximum size of gram. 11 it ^ 
vanner failings are treated in a classifier which will just lift the fine rich grain- 
and let tb<' coarser waste go info the spigot, and the overflow be sent to a canvas 
iable, and the heads of this sent to a little steep end shake vanner, a clean, ric 
eoneenirale will result; and figures on its quantity and richness and on the esti- 
niaied eosi of running will indicate whether or not this method will pay. 

Some of Ihe author’s students obtained the following results hv a test ^ ^ 
kind • Coarse vanner tailings. 0.10 ounce gold per ton ; fine vanner ' 

onnee -„ld per ion; canvas table heads, 0.6 ounce gold ton; <^an^as table tafl- 
in.rs tmee Jold per ton ; steep end shake vanner heads, 5.00 ounces " 

' mep end ^liake vanner tailings were too rich to throw away and were re-treated 

'^8^ 80 .q.'”^VRicE^Mri.T.TNO Coi.n Ores mav be treated in lots of 1,000 or 2,000 
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pounds with, a breaker, a stamp battery with. 225-pound stamps, a copper plate 
2 feet wide and 6 feet long coated with silver amalgam, a mercury trap, a vanner 
and a little ball mill. 

Table 398 shows the results of such a test made by students at the Massachu- 
setts Institute of Technology. The ore used was from the Brookfield Mining 
Company of ISTova Scotia, and contained its free gold in coarse condition. The 
ore was crushed in a Blake breaker to |-inch diameter, thoroughly mixed and di- 
vided into three lots by placing alternate shovelfuls on three separate piles. 
Table 398 is the results from the first lot. The stamp battery had a plate screen 
with slotted holes ^ inch wide. The battery residue was panned, yielding 
amalgam (a) and gravel (6). The gravel (6) was ^ound in a sample grinder 
to ^-inch diameter, amalgamated in a little ball mill, and then panned, yield- 
ing amalgam (c), concentrates {d) and tailings (e).* Amalgams {a) and {c) 
were united and, by retorting, yielded battery gold. The concentrates (d) and 
tailings {e) were included, by calculation, in the concentrates and tailings from 
the vanner. The material “unaccounted for” was assumed to assay the same as 
the fine vanner tailings. 


TABLE 398. — TEST OE A FREE MILLING GOLD ORE. 



Weight of 

Gold per 

Percent of 

Weight of 

Percent of the 


Product. 

Ton. 

Gold. 

Gold. 

Total Gold. 


Kilos. 

Ounces 


Grams. 


Ore ffd 

892 

1.07 

0.00867 

14 3864 


Battery gold 




16.0862 

2.8146 

72.20 

12.63 

Trpps gold 




0.0255 

0.11 

Vanner heads 

15.36 

2.78 

0 6695;8 

1 4638 

6.57 

Vanner coanse tailings 

266.75 

0.11 

0 00038 

1.0136 

4.56 

Vanner fine tailings 

80.10 

0.21 

0.00072 

0.5767 

2.59 

Gold in slag 




0.0842 

0.88 

Unaccount^ for 

29.79 

0.21 

0 00072 

0.2145 

0.96 

Total -t 

392 00 i 



22 2791 

99.99 








Percent of total gold saved by amalgamation 84 

Percent of total gold saved in concentrates 6.57 


Total saving 91.51jg 

Fire assay of original ore 1.07 ounces gold per ton. 

Assay calculated from mill results 1 b6 ounces gold per ton. 

A second section of the class obtained the following final figures from the sec- 
ond lot of this ore : 

Percent of total gold saved by amalgamation 12^ 

Percent of total gold saved in concentrates 8 GO 

Total saving 90 72^ 

Fire assay of original ore. 0 88 ounce gold per ton. 

Assay calculated from uuU results 1 72 ounces per ton 

A third section of the class obtained the following final figures from the third 
lot: 

Percent of tot nl gold saved by autalgamation 88 (\0% 

Percent of total gold saved in concentrates 8 21 

Total saving 91 2Jj^ 

Fire assay of original ore . 1.84 oiinc(‘s enld por ton 

Assay calculated from mill results 1 .50 oiiin (‘s gold [hm tou 

These results well illustrate how difTieiilt it is io snnipli' nnd jissay ores ear- 
xying very coarse irold ; aud how much more accurate is a mill lest Ilian a fin' 
assay. Compare the reunite! of mill tests (1.66 minces, 1.72 oinu'cs ami 1,50 
ounces gold per ton) with the corresponding fire assays of the original ore (1.1)7 

=* Though the pan is an excellent tool for reoovenng amalgam and free gold, it is not so good for saving 
conc^^ntrates; the vanning shovel is much better for that purpo'-e. In the above test there was too mneh ma- 
terial to be handled conveniently on a shovel, but the little jerking table shown in Figs 553a-55atZ is highly 
efficient in such a case 
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ounces^ 0.38 ounce and 1.84 ounces gold per ton). Fire assays of ores with 
coarse gold are more apt to ^ve low than high results. In this ease two are 
below and one is above the mill tests. 

§ 894. Metallurgical Tests. — Some ores of gold, silver or copper fail 
to give an economical result by concentration ; and in such cases it may be wise 
to try lixiviation or pan amalgamation. Such methods, being in the domain 
of Metallurgy and foreign to Ore Dressing, are only briefly outlined here. Ores 
that are sufficiently rich as they come from the mine will, of course, go directly 
to the smelter. 

Cyaniding Gold Ores . — ^Tests should be made on both raw and roasted ore, 
to determine how much lime or caustic alkali is needed to neutralize any acid- 
ity ; also to determine the best size of ore, the best strength of solution and the 
consumption of cyanide. In small tests it is better to calculate the extraction 
from the assay of the original ore and of the tailings rather than to attempt to re- 
cover the gold from the solution. For full instructions as to cyanide tests the 
reader is referred to Furmaffis ^^Manual of Practical Assaying, fifth edition 
(1899), page 401. 

Chlorinating Gold Ores . — A sample of the ore, crushed to 30 or 40 mesh, 
is thoroughly roasted in a small reverberatory or muffle furnace, moistened, sa^- 
rated with chlorine gas in a tight jar or tank and left to the action of the chlorine 
for 24 hours, more or less. The chloride of gold is then leached out with water, 
and the tailings assayed to determine by comparison with the assay of the orig- 
inal ore, what percentage of gold has been extracted. Instead of using chlorine 
gas, the ore may be agitated with water, sulphuric acid^ and bleaching powder 
in a strong bottle which can be tightlv sealed. For details see Aaron^s ^TLeach- 
ing Gold and Silver Ores^^ (San Francisco, 1881) page 86; also Furman’s ^^Man- 
ual of Practical Assaying, fifth edition, page 256. 

§ 895. Leaching Silver Ores with Hyposulphite . — If a silver^ ore is 
roasted with salt, (with the addition of p-yrite if the ore does not contain much 
hulphicle) the silver may be extracted by leaching with hyposulphite of soda. 
For details see Stetcfoldt’s ‘lixiviation of Silver Ores’’ (second edition, 1895) 
page 93; or Daggett’s article in the Am. Inst. Min. Eng.j Vol. XYI., (1887-88), 


])ago 3G8. n . j- V 

AmalqamnUon of Silver Ores.— After eHoridizing roasting, an ore may be 
troated with mercury in the little pan (see § 883), using the niuller simply as 
a mi.ver and, after treatment for 2 hours, more or less, mav be panned to sep- 
arate the amalgam from the tailings; the whole of the tailings must he saved 
ev<>n to the finest slimes. The assay of these tailings compared with the assay 
of Iho origi^ml raw ore, by suitable computation, gives the extraction oi sil- 
v('r The amalgam obtained is not as good a valuation since some ainalsam may 
be left on the muller or some from a previons run scraped off and ^pished. _ 

A raw ore of silver, without previous ehloridiziue roastme. if it contains 
silver as sulphide, chloride, bromide, or in any other comhmatinn that can 
he decomposed and amalgamated by heated water mereurv. iron and chem- 
icals, may bo treated in the little pan, using a prehminan' period of 4 Ws, 
more or less, of heating and grinding with the chemicals, with the 
followed by one hour, more or less, with the muller up. of stiirmc^ the deeoi^ 
i>osod ore with mereury to amalsramate the silver. The resiiltmsr pulp can be 
panned for amalgam, and the whole of the tailings .saved and evtraetion eom- 

X?'!- sulphides and carbonates are not infrequently 
fom d n which the copper minerals are so intimately mived with the^angue 
fl n 1 c^^od extraction cannot he made by mcehameal eoueentration. TTie car- 
om ies'm a v be dissolved by sulphuric acid if the ore does not contain limestone 
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or other substances which will consume too much acid. Sulphides may be dead 
roasted to convert them into oxides, and the copper extracted by acid ; or they 
may be so roasted as to convert the copper into sulphate and the latter extracted 
by water, followed by dilute acid if necessary. If salt is added toward the end 
of the roast the copper may be converted into chloride, which is then extracted 
by water followed by dilute acid if found necessary. The copper is recovered 
from solution by precipitating on scrap iron; the recovery by precipitation by 
electricity using lead anodes is one of those processes that is still on trial. 

§ 896. Small Tests Compared with Mill Work. — Let us see to what 
extent small tests can answer questions asked by the mill superintendent. 

The Yield . — ^The small test can tell whether the mine ore will yield much 
or little concentrates, and whether they are rich or poor. Computation will, 
from the weight and assay, tell the dollars per ton that can be extracted. 

Mill Design . — ^The small tests enable one to select the kind of machines re- 
quired for the treatment and to determine approximately the number of them; 
hence they are a great help in mill design. 

Errors . — small test errs, as compared with mill work, in the fact that it 
is watched much more carefully than a mill can be. On the other hand there 
is a starting error while the machines are getting under way, and a stopping 
error while the machines are being stopped and cleaned up, both of which tend to 
lower the percentage of metal in the heads, and therefore count to a small ex- 
tent against the small test. The mill hands are generally so well trained that 
the mill work should compare very well with small tests; but if the mill man- 
ager is forced to over-drive his machines or does not have them properly ad- 
justed, the comparison will be in favor of the small test. 

Ejfhciency of the Process . — The small test will show the percentage of the 
metal extracted, and whether one process is more efficient than another. 

Cost of Treatment . — This depends upon cost of labor, power, supplies, in- 
terest, etc.; and the small test will help here only in so far as it points out 
the kind of a mill that is needed. The ore dresser must depend upon his ex- 
perience for the rest. Assuming that he is able to estimate cost, then he is in 
a position to calculate whether or not a mill can be erected and run at a profit, 
taking into account the ore supply and the depreciation. He can also figure 
what size of mill will yield the largest net profit in the end. 

REGULAR MILL TESTING. 

§ 897. Tests of the work of the mill as a whole are made by determining 
each day the weight and value of the ore coming to the mill, of the concentrates 
saved, and of the tailings lost. All three of these determinations may be made 
separately or, in case the first is difficult to make, the last two may be deter- 
mined and the first is calculated from these two. At Mills 65, 73, and 74 two 
samples are taken from every car of concentrates, holding 900 pounds, by a 
IS-inch cheese scoop sampler. A sample of final tailings is taken every three 
hours. The aggregate samples are assayed each day. 

The following report by Pope Yeatman on Mill 15 will serve as an example of 
a mill test : 

^The ore or %ash dirP was from the pump shaft and went through no pre- 
liminary treatment other than the customary ^culling.’ It was a mixture of flint, 
spar, blende and mud, with flint largely predominating. The blende occurred 
coarsely disseminated in the flint and spar and none was in the form of ^peb- 
ble jacF or free ore. It was, however, crystalline. After crushing, the ore 
varied in size between ^ inch and impalpable powder. The blende neither sealed 
nor slimed badly, but broke in pieces more or less angular. Between 20 and 
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30% of the material failed to pass through openings of \ inch diameter Thi« 
coarse size was in eTe^ case lower in zinc than an/of thl other S tL 
material the richer, which is to be expected, blende being far more friable than 

“Not being finely disseminated it was possible to crush ‘coarse’ and hence 
a greater saving could be made than had fine crushing been necessary. The 
losses in slime treatment and fine jigging are much greater than in the ease 
of Jigging coarse sizes.’' 

In taking samples great care was taken to ensure fair averages. Samples 
ot from one to two quarts were taken of all the different matenals every 15 
or 20 minutes. In the case of the tailings it was necessary to take separate 
samples of coarse and slime tailings on account of the two materials discharg- 
ing at different points. It was also necessary to assume a ratio between the 
coarse and slime tailing. After experimenting, by screening samples of ore 
and coarse and fine tailings, and arriving at the table sizes, the ratio of slime 
tailings to general tailings was estimated at 1 : 10, which is liberal.” 


TABLE 399. — ^RESULTS OF TESTS OP MILL 15. 



1 

2 

3 

4 

5 


Run of 
Sept. 19, 20. 

Run of 
Nov. 11. 

Run of 
Nov. 12. 

Run of 
Dec. 19. 

Run of 
Dec. 20. 

Tons of “dirt ” treated 

61 

81 

80.25 

85.90 

86.75 

“ “ “ less moisture 

58.00 

29.45 

28.75 

84.10 

34.90 

Percent zinc in “ dirt ” 

18.84 

18.98 

11.24 

11.16 

11.44 

“ “ coarse tailings 

1.78 

1.56 

1.35 

1.62 

1.72 

“ “ tailings from table and over> ) 

flow f 

Percent tailings in “dirt” 

11.6 

6.74 

7.50 

7.09 

4.73 

75 

81 

84 

84 

84 

“ zinc in general tailings 

2.75 

2.08 

1.97 

2.17 

2.22 

“ “ tailings per ton of “ dirt ” 

“ loss per ton of “ dirt ” treated 

2.06 

1.68 

1.65 

1.82 

1.85 

10.9 

12.1 

14.7 

16 3 

16.10 

“ saving per ton of “ dirt ” treated 

89.1 

87.9 

85 3 

83 5 1 

83.9 


‘‘In test No. 1, the table and overflow tailings are high. Changes were after- 
wards made with the table which reduced the loss. In No. 3 the value for table 
and overflow tailings was assumed, the sample having been lost; the value is 
probably too high. In tests 4 and 5 the weights are actual while in 1, 2, and 
3 the weights are estimated.” 

^'The following are assays of the different sizes of ore made in two of the 
trials.” 



Run of 

Sept 19,20 

Run of 

Dec. 19, 


Run of 

Sept 19,20 

Run of 

Dec. 19. 

Jif? 1 

“ 2 

“ 3 

3, hutch 

64.48^ zinc 
64.28jt “ 

64 76ji “ 

65. 20?^ “ 

1 61.86JS zinc 
eS.TSjf “ 
64.123C “ 

Jig 4 1 

“ 4, hutch i 

“ 5 

Table 1 

“ 2 

64 47^ zinc 

62 425C “ 

57 61^ “ 

48 97 % “ 

1 62.71^ zinc 
■/ 63 51^ “ 

62. 92^ “ 

[ 54.13JC “ 


"‘In the nm of Sept. 19, 20, the following percentages for different screen- 
ings were obtained: 


IVrcent of 
Total Weight 


Percent 

Zinc 


Percent of ! 
Total Weight* 


Percent 

Zinc 


<'>ver inch 

'Phrougli on M inch . . 

inch on 10 mesh 


33 89 
26.83 
23.88 


14 .*>6 
21.24 
20 80 



7.57 

1.63 

6.70 


19 74 
19 9^ 
22 76 


"‘TIio results are eertainly very satisfactory. It might still be possible to re- 
duce the losses in the slime treatment without increasing the cost of treatment 
inn eh or lowering the grade of the finished product.” 
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§ 898. Tests are made in the course of regular mill work to ascertain if the 
machines are doing as good work as may reasonably be expected of them ; i£ they 
can be made to do better work, and if so how ; and finally if their work is so poor 
as to suggest changing them for other machines. 

Two methods at once present themselves : the rough and ready vanning shovel ; 
and careful sampling followed by sizing test and assays. Por the ordinaiy 
testing of machines the vanning shovel yields such quick results that it is 
to be most highly commended. On the other hand, at times it fails, and it is 
well to know under what circumstances this is true. On one occasion the au- 
thor handed to one of the best of mill men, and most skilled in using the van- 
ning shovel, a product the treatment of which had been a puzzle, and asked 
him to van it and tell how much native copper it contained. He vanned and 
vanned, and finally said ^^none.^^ The author then ground the sample on a 
bucking board and again asked for the per cent, by the vanning shovel. The 
mill man quickly replied ^^12% or more.^^ The sample when assayed yielded 
a fraction over 12% and showing how skilled and well practiced the mill man 
was; and yet in the first instance the vanning shovel broke down entirely in his 
hani In another case a vanning shovel showed no separation when tried on 
a zinc product containing porous zincite and ashes, but after crushing this in 
a mortar a good separation was readily obtained. 

The taking of samples which shall accurately represent what passes a given 
point "in the mill in 24 hours, while it actually is taken in a number of short 
intervals amounting to only a few minutes altogether, is of the first importance 
for obtaining data on which computations can be based. 

§ 899. Testing a Sizing Screen. — ^We desire to know whether a screen 
makes oversize free from undersize and undersize free from oversize; and if 
not, to what extent it errs. To test it we must take samples of both prod- 
ucts, dry them and then make a sizing test of each (see § 293). 

Testing a Classifier. — A single pocket of a classifier turns out a spigot 
product and an overflow. If doing its work properly no grains should go out 
of the spigot which belong in the overflow and conversely none should go off 
in the overflow which belong in the spigot; no classifier docs perfect work, 
but some are much more nearly perfect than oth(^rs. Most classifiers have 
four spigots, more or less, and therefore yield a series of four spigot products, 
more or less, and an overflow. They are less inclined to err by throwing too 
coarse grains into later spigots than by throwing too flne grains into earlier 
spigots. To test the work of a classifier careful samples of all its products should 
be taken and tests made in the one current classifier (see Fig. 544). They 
may each be subjected to the single current which ihc particular poedeet should 
have, and by this they will yield spigot product and overflow showing how far 
they differ from a very perfect tool ; or they may he subjccU^d to a series of cur- 
rents starting at a small current and going to hKOfM* bv some dc'finite multi- 
plier and then the spigot products of all the different currents weighed and 
sized and photographed yield to computation and inspection a very ])erfect 
statement of the distribution of the minerals. For a similar slafl'inimt in 
regard to hindered settling see § 467. Finally the several products may he 
simply sized, inspected or assa 5 '’ed, and weighed and the nsults tabulai<‘d (s(»e 
§352). 

§ 900 Testing a Jig. — The jig should yield tailings free from concentra1e‘=5, 
and hutch or discharge concentrates free from ganguc. Practically neither of 
these results is obtained. Jig tailings will conlain included grains consisting of 
part concentrates and part gangue, and may haye thin flat grains of concentrates 
and also fine free grains of concentrates. The included grain can he sayed only by 
finer crushing. The fine free concentrates may he due to poor screening (for 
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Jig Bed Insfechon. ^The usual mode of inspection of a jig bed is to nick 
up in the hand, by a peculiar movement, some of the bottom laver or of^anv 
intermediate layer, and so determine the condition of the jigging operation. 
If a horizonta bit of ser^n,_ wired around the edge to stiffs It, be provided 
wire handle, it my be sunk edgewise down to the Iig^crin 
If after the jig^ng has recovered from the disturbance so made, a glass lamp 
chimney IS slowly lowered on the little screen and then the screen and chim- 
ney are lifted together, a complete section of jigging bed, visible to the eve, 
can be obtained and the operator can see if his bed is deeper than he Trished 
or not deep enough, and how much of a middlings layer he has. On account 
of lamp chimneys, however, this is more of an occasional or shoTv 
tost than one for practical every day mill Trork. The skilled jig man can tell 
by his skimming where all the layers are Tvith great aecnraev. 

A method and an instrument for studying the action of jigs is discussed in 
§ 478. 

§ 901. Testing a Prue Vanner. — Catch a set of samples across the tail- 
ing discharge and assay them separately. The two edges vrill be found richer 
than the rest. Catch a sample of the whole tailings from a launder, not from 
the tail roll. T^'his will tell the true total loss incurred hy the vanner. If 
cither or both these tests show too great a loss, it may he caused by too hard 
driving or by too thick a bed upon the vanner. The former can be corrected 
only by adding more machines; the latter can be corrected at once, either hr 
increasing the slope or by increasing the amonnt of feed water. Tlie rate of 
travel will probably have to be increased at the same time, to prevent eon- 
centratrs going into the tailings. 

Tlio iesiing of an Einbrcy or other end-shake vanner is the same, but it will 
not show as groat discrepancy as the Fnie betvTon the center and the edges 
of tlie ])(‘1t. The Embrey will probably be found to yield slightly cleaner tail- 
ings than the Fruo, hut on the other hand it puts more gangue into the con- 
cent rates. 


If tlie whole tailings sample of either of the above machines he classified by 
tlu' h(‘aker s<>ttling tost (see § 8G8) and the fine stuff separated from the coarse, 
fh(' fine will generally assay richer than the coarse part, and there thi^ differ- 
ence ])(‘(\\('(‘n tlH'Tii: The fine part contain® free concentrates capable of be- 
ing eone('ntr}ii(‘d al once on canvas tables if they are rich ennugh and in qnan- 
tilv rinnigli to pay. The coarse part on the other hand contains a few large 
grains tliat liavo gone by accident into the tailings, but its value in as-av comes 
nnmilv Fi-ofu included and flaitonod grains neither of which are quitch aw enough 
to he ^aved in th(‘ heads and the values of which can be saved onlv bv extremely 
fiiK* (O-ii'-hing. The above tCvst is important and mav lead to a material addi- 
tion io ihe saving made hy the mill. A complete sizing test Tvith a®®av® com- 
])iil(‘d in iabular form is also a very instructive test to make (see § 480).^ 

^ 90'h Ti'isTiNTr A WiLELEY OR Otiter Jerkino T \ble. — Tt IS quite as 
inqiorlani here as with a vanner to subject a sample of tailings to the beaker set- 
tling lesi (see § 868). With an ore that produces rich concentrate®, the fin- 
est malerial that goes into the tailings of a Wilfley table is verr' likolv to have 
a hi^di ‘i®sav* and, if the quantity is sufficient, an attempt should he made to save 
it "in ihe ease of Wilfley tables which have been added to ’ 27 , the muddv 
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water which runs directly from the feed into the tailings is treated on canvas 
tables. The value recovered on the latter pays the whole cost of running the 
mill. In Mill 49 the muddy water from the Hallett tables goes to a box clas- 
sifier^ which has two spigots feeding two specially adjusted Hallett tables. 

§ 908. Testing Slime Tables. — To find out and locate the losses from . 
a slime table, samples should be taken every foot or two around the cireumfer- 
enee, beginning just beyond the heads blow off jet, and assayed. A little sam- 
pling trough (see Fig. 560) curved to fit the edge of 
the table, and provided with handles, is very conven- 
ient for this purpose. The first tailings sample is 
apt to be rich on accoimt of a small quantity of con- 
centrates which failed to be washed off. With proper 
care, however, this loss should be very small. The 
next two or three samples are likely to have the lowest 
assays of all, but beyond this the values will gradually 
increase, due mainly to the presence of included 
grains. The loss of these can be prevented only by 
finer crushing, which in most eases would not pay. 
Any concentrates that are too fine or too flat to settle 
will float off into the tailings all round the feed side 
FIG. 560.— HAJTD SAMPLER of table. If there is a serious loss in this way this 
FOE SLIME TABLES. material may be separated by finer classification than 
is commonly used and the values saved by canvas 
tables. The tailings samples near the middling-discharge contain a few of the 
largest particles of concentrates ; and the values in the middlings are chiefly of this 
sort. The middlings assay will be considerably higher than the last tailings 
sample ; and the concentrates will be practically clean mineral. Table 400 gives 
a test of a circular convex table treating a copper ore. The second column shows 
weights for 24 hours computed from the weights of the samples. 



TABLE 400. — TEST OF PRODUCTS FROM A CIRCULAR CONVEX SLIME TABLE. 



Sample 

No. 

Weight. 
Pounds in 

24 Hours. 

Assay. 

Percent 

Copper. 

Weight 
of Copper. 
Pounds. 

Percent 
of the 

Total Copi)er. 

Tailings 

1 

860 

0 58 

2.088 

0 49 

2 

692 

0.47 

8 252 

0.76 

it 

8 

972 

0.52 

5 054 

1 19 

ii 

4 

1,217 

0 44 

5 355 

1.26 

tt 

5 

1,944 

0.47 

9187 

2 15 


6 

2,606 

0 50 

13.030 

3 07 

il 

7 

8,031 

0 64 

10 398 

4 56 

ii 

8 

2,r320 

0 70 

17 640 

4 15 

l( 

9 

1,375 

0.60 

8 250 

1.94 

4i 

10 

1 872 

0 Cl 

11 419 

2 69 

(t 

11 

1,541 

0 63 

0 798 

2.28 

4C 

12 

936 

0.92 

8 011 

2 03 

44 

13 

886 

1.14 

10 100 

2 38 

ti 

14 

886 

1 16 

10 278 

2.42 

Middlings 

15 

893 

2.48 

22 146 

h 21 

Heads 

16 

1,508 

17 88 

269 630 

63 43 

Total 




425 096 

100 01 


§ 904. Testing Otifer ]\[aciitnes. — The key for the solution of most ore 
dressing problems will be found in the close sizing test or in tho sorting tost 
in a hydraulic classifier or beaker, followed in either case by the weighing and 
assaying of the different products and tabulating the results. Having this in- 
formation the ore dresser must depend on his own wits to improve his process. 
To aid him in making comparative tests of two machines the conditions should 
be made exactly alike for both and no favor should be shown to either. To 
aid the^ ore dresser, as suggestions in making improvements, the author has 
placed in Chapter XX. the outlines of nearlv one hundred mill^!, allowing the 
methods w^hich others have employed in overcoming their difficulties. 



GENEBAL IDBA8 ON MILLING. 


1173 


Bibliography for Chapters XX. and XXI. and the Appendix. 

Note. — Further references on gold stamp mills may be found at the end of Chapter V., 
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135. Berg «. BiM. Jahrb., Vol. XXVI.. (1878), p. 177. ,T. Habermann. 

the proposed crushing plant to replace stamps at Przibram. 


Description of 
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136. Ihid., Vol. XXVII., (1879), p. 96. J. Habermann. Description of proposed concen- 

tration mill for lead ores at Przibram with figures on capacity power cost and 
products. ' * 

137. Ihid., Vol. XXVIll., (1880), p. 213. J. Habermann. Description of a concentrating 

plant with graded crushing. 

138. Ihid., Vol. XXX., (1882), p. 14. J. Habermann. Description of the Stefan wash- 

ing, crushing, and stamp mill in Przibram with figures on water and power. 

139. Ihid., Vol. XXXI., (1883), p. 137. K. V. Heytt. Discussion of the relative merits 

of the various machines in mills. 

140. Ihid., Vol. XXXlll., (1885), p. 148. J. Habermann. Description of the ore dress- 

ing plant at Raibl with power and water required. 

141. Ihid., Vol. XXXIV., (1886), p. 284. J. Habermann. Outline of the trommel and 

jig plant at the Anna mill in Przibram. 

142. Ihid., Vol. XXXVII., (1889), p. 95. A. Pallausch. Notes on graphite dressing in 

southern Bohemia. 


143. Ihid., Vol. XLVI., (1898), p. 357. C. Blomeke. Discussion of the progress in ore 

dressing. Contains outlines of the mills at Silberau, Laurenburg and Clausthal 
with discussion and figures with regard to power and cost. Discussion of dry 
and wet dressing, magnetic dressing and the dressing of gold ores. 

144. Berg. u. Hiitt. Zeit., Vol. XXIII., (1864), p. 361. R. Geyer. Description of plant 

for concentrating lead and silver ores at Silberau near Bad-Ems in Prussia. 

145. Ihid., Vol. XXIX., (1870), pp. 117, 159, 167, 201, 227. E. Heberle. Description of 

ore dressing works at Falun, Sweden, and results obtained. 

14G. Ihid., pp. 305, 365, 395. A. Reichenecker. Results of dressing gold ores in Colorado 
and costs. 

147. Ihid., Vol. XXXI., (1872), pp. 73, 101, 117, 136. Vol. XXXII., (1873), p. 126. C. 

Blomeke. Details of some of the apparatus in several German mills. 

148. Ihid., Vol. XXXI., (1872), pp. 145, 169, 239. Vol. XXXII., (1873), pp. 112, 156, 

165. M. G. Cl ere. General theory of separation with especial reference to the 
different methods of jigging. 

149. Ihid. Vol. XXXI., (1872), pp. 357, 373, 408, 421, 436, 445. E. Heberle. Full de- 

scription of new ore dressing works at Falun, Sweden, giving also the labor 
required and results obtained. 

150. Ibid., Vol. XXXIII., (1874), pp. 399, 409. C. B15meke. Description of new plant 

for eoneentreling lead and zinc ores at the Perm mine in Westphalia. 

151. Ihid., Vol. XXXIV., (1875), p. 365. C. BlSmeke. Description of a proposed plant 

for concentrating zinc and lead ores using a flat site. 

152 Und. Vol. XXXVll., (1878), p. 217. 0. Lattes. A very brief description of the 

OTC dressing works at Przibram, Bohemia, giving the capacity, power, cost, and 
analyses of products. ^ ^ ^ • 

153. Ibid., Vol. XLI., (1882), pp. 29, 37, 49. C. Blomeke. Description of ore dressing 

works at Clausthal and results obtained. 

154. Ihid., p. 141. C. Bliimeke. Description of ore dressing works at Laurenburg in 

Prussia. , . , . r • l f 

1,55 Ihid I). 217. C. Blomeke, Deseription of ore dressing works at Lintoit 

iril). Ihid.] ])]). 289, 336, 345. C, Blomeke. Description of ore dressing plant at Bad-bms 


Ih!d, vV)l \"LIV., (1885), p. 4. E. Koch. Description of the Gottesgabe and Ham- 
mciwiiscbc mills in Westphalia, with capacities. ^ ^ ^ 

Ibid VI) 137 145 157. C. Blomeke. Discussion of the tieatment of slimes and 
obl.ained’at ibe TIimmelfiirst-Fund mine at Przibram. ^ 

Ihid, [). 593. (\ Blomeke. Description of ore dressing plant at Beiithen in upper 

JhhL^^v'ol *XLV^*n".!^^(1889), p. 77. C. Wageraann. Description of concentration 

''"vok’^XLIx!,^ 0890)! p. 269. Th. Andr6e. Short note on the dressing of 

“Icriptio™ of a dry coT.centratin. mill for Thoma. 


fh,T"vo\. D., (1801), P. 220. C Bismeke. Deseription of the Himmelfahrt ore 
// i'’i'h ‘ n804f‘7p"’l4r"67 C. Blomeke. Description of the Wrnbera 


and tie. 

166. Ihid.. Vol. LVT., 
labor rcquiied 


(1807), p. 366. B. Knochenhauer. 
in California gold mills. 


Figures on costs, losses and 
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167. Bull. Soc. Ind. Min., Series II., Vol. XIV., (1885), p. 899. Mr. Simonnet and Mr. 

Chaumeis. General description of the American gold stamp milling system with 
results. 

168. Ihid., Series III., Vol. IV., (1890), p. 915. Mr. Gayet. Descrip^tion of treatment 

of argentiferous galena ores at the mill at Villefort, Lozere, France. 

'169. Hid., VoL VII., (1893), pp. 465-485. G. Gromier. Description of the process of 
treating spathic iron ore at Allevard, France, by roasting, jigging and magnetic 
treatment. 

170. Hid., Vol. VIH., (1894), p. 527. Oh. Mouchet. Description of the Vaucron, Var, 

France, mill for galena blende ores with results obtained. 

171. Gal. Bull., (1895), l^o. 6. F. B. Preston. A few notes on the construction and run- 

ning of mills; outline of several California gold stamp mills and specifications 
for a 40-stamp gold mill; the testing of a gold mill. 

172. Ihid., (1900), No. 18. W. H. Storms. Brief description of several California gold 

mills. 

173. Gal. Rep., Vol. VIII., (1888), p. 696. J. H. Hammond. Costs of gold stamp mill- 

ing and specifications for a 40-stamp gold mill. 

Many figures/on cost of gold stamp milling will be found scattered through the different 
volumes of the Gal. Rep. 

174. Gan. Min. Inst., Vol. I., Part I., (1896), p. 21. F. Hille. Discussion of the losses 

in gold stamp mills and description of a proposed plant for decreasing the losses. 

175. Hid., Vpl. II., (1897), p. 273. "H. N. Thompson. Description of the dressing of 

asbestos at Thetford, Quebec. 

176. Hid., Vol. II., Part I., (1899), p. 28. A. C. McCallum. Discussion of rolls, crushers 

and mortars from the point of view of the designer. 

177. Hid., Vol. III., (1900), p. 37. J. E. Hardman. Method of keeping accounts and 

reckoning costs, with various forms for illustration. 

178. Hid., p. 102. F. T. Snyder. Discussion of original cost and resultant returns 

taking vanners as a specific case. Description of a modified micrometer gauge 
for measuring ore grains. 

179. Hid., Vol. IV., (1901), p. 254. W. M. Edwards. Description of the Helena and 

Frisco mill in Idaho. 

180. Gan. Min. Rev., Vol. XIV., (1895), p. 169. F. Hille. Discussion of the losses in 

concentrating zinc lead sulphides. 

181. Hid., p. 182. Same as Am. Inst. Min. Eng., Vol. XXV., p. 130. 

182. Hid., Vol. XV., (1896), p. 37. No author. Short description of the Lake Harold 

gold stamp mill in the Kainy Hiver district, Ontario. 

183. Hid., Vol. XVI., (1897), p. 126. H. N. Thompson. Same as Gan. Min. Inst., Vol 

II., (1897), p. 273. 

184. Hid., Vol. XVII., (1898), p. 270. H. A, Guess. Comparison of the results obtained 

by a laboratory amalgamator with those obtained in actual milling, showincr a 
close agreement between the two. * 

185. Hid., Vol. XX., (1901), p. 176. J. B. Jaquet. Hydraulicking with a centrifugal 

pump in New South Wales. 

186. Gassier’s Mag., Vol. XIV., (1898), p. 391. T. H. Leggett. Description of the 

process of diamond washing in South Africa. 

187. Gharcoal Iron Workers, Vol. IV., (1883), p. 324. C. G. Buchanan. Description of 

a magnetic concentration plant. 

188. Ghem. (& Met. Soc. 8. Africa, Jour., Vol. I., April, (1898), p. 43. J. A. Wilkea. 

Discussion of a gold stamp miP for testing with precautions to be observed in 
its use. 

author. Effect of lime and caustic soda in settling slimes. 

190. July, (1898), p. 96. W. A. Caldecott. J. T. Garrick. Aug., p. 115. W! A. 

7 01 T-Tv *5^ of li^oe used for settling slimes in South Africa. 

191. Iota., Sept. p. 131. A. Prister. Discussion of slime settling with influence of addi- 

hydrochloric acid, and salts, and the effect of pressure, etc. 

192. Ghem. Soc. Trans., London, Vol. LXL, (1892), p. 160. H. Pictou and R. E. Linder. 

Exp^iments and results obtained by immersing electrodes connected with a stor- 
battery m diffusible arsenic sulphide solution 

193. /6td. Vol. LXVII., (1895), p. 63. S. K. Lindor and H. Picton. Diaouasion and 

table of coagulative powers of metallic salts on arsenions sulphide and other 
solutions. ' 


194. Clay Worl<er Vol. XXV.. (1896). p. 145. F. Lehman. Deaoription of the washin- 

n 77 slumming plant with cost of installation. 

195. Ooll. Eng., Vol. XVIL. (1896), p. 62 IT. K. Landis. Description of mills foT 

iQ« at Friedensville Pennsylvania with results obtained 

196. Ibid., p. 249. J. V Schaefer. Description of Alexandria Coal Company's plant 

for washing coal before coking, at Greensburg, Pennsylvania 
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Hid., p. 309. H. K. Landis. Description of blende mills in Southwest Missouri 
and results obtained. 

Ibid., p. 346. H. Van F. Furman. Description of the testing for losses in gold 
amalgamation. 

Ibid., p. 366. Epitome of Am. Inst. Min. Eng., Vol. XXV., p. 906. 

Ibid., Vol. XVIll., (1897), p. 26. H. Van F. Furman. Outline of the Morning mill 
at Mullan, Idaho, and of the Heela Mill at Glendale, Montana. 

Coll. Guard., Vol. LXII., (1891), pp. 703, 749, 796. W. J. May. Discussion of the 
’ ' results obtained in concentrating iron ores bv various processes. 

Ih^d., Vol. LXVIll., (1894), p. 111. Abstract of Inst. Civ. Eng., Vol. CXVI., p. 331. 
Ibid., p. 670. Abstract of Am. Inst. Min. Eng., Vol. XXIV., p. 486. 

Ibid., Vol. LXX., (1895), p. 749. H. C. Cutter. Description of testing plant at 
the University of Minnesota, U. S. A. 

Ibid., Vol. LXXIV., (1897), p. 885. No author. Description of the magnetic con- 
centration mill at Edison, New Jersey. 

Ibid., p. 1114. B. H. Brough. Description of magnetic concentration plants in 
Sweden. 

Col. Eci. 8oc., Vol. V., (1894), p. 102. E. B. Kirby. Figures on the weight of 
various ores in place and after crushing. 

Ibid., Vol. VI., (1897), p. 66. H. A. Vezin. Advocating the use of an intermediary 
jig in mills. 

Corny tes Rendus 8oe. Ind. Min., (1895), p. 11. No author. An outline of a plant 
for concentrating zinc lead ores at Saint-Laurent-lCrMinier, Gard, France, with 
figures in regard to dimensions and amount treated. 

Dingier^ s Polyt. Jour., Vol. CCLXXVIII., (1890), p. 405. No author. Short de- 
scription of the ore-dressing plant at Freiberg, Saxony, with figures on power. 
Electmoal Rtview., Vol. XXXI., (1897), p. 203. S. H. Goddard. Description of 
Edison's magnetic concentration plant in New Jersey. 

Engineering, Vol. XXXII., (1881), p. 329. No author. Full description of the ore 
dressing works at Lintorf, Prussia. Illustrated, showing general arrangement 
and giving figures on capacity, power and dimensions. 

Ibid. Vol. LVl., (1893), p. 604. No author. Short note on Orion gold stamp mill 
near Johannesburg, South Africa, giving capacity. Illustrated, showing general 

arrangement. , „ „ , ... • -n 

Ibid Vol. LVIII., (1894), pp. 262, 294. No author. Full description of the mill 
for dressing zinc ore at Monteponi, Sardinia. Illustrated, showing general ar- 
rang(‘rnent and also details of the washing apparatus. Figures on amount 
treat<‘d, products obtained and costs. , . j < 

915 Ibid Vol LIX., (1895), p. 405. No author. Short description of new method of 
diamond v.a-hing in South Africa. Illustrated, showing general arrangement. 

9 in Ihul Vol L\ I "9.“)), p. 633. No author. Description of the phosphate dressing 
pi'aiit n(‘ar Mons, Belgium. Fully illustrated, showing general arrangement and 

/5id^^*V<d LX IV (1897), p. 579. No author. Short description of magnetic con- 

vo., ^n, ,.«,.pp. 
i(j 9 (1 (< 1 1 Ti T A very complete article on gold dredging in rivers. 

Fnii Moo Vol. j"!'.:), p. 461. H. M. Chance. Some of the recent 

rMcnls' ill gold milling and discussion of the most profitable percentage of extra - 

/(.ilr'vol XVI II , (lltOO), V W. H. Cutten. Gold dredging in New Zealand, 

„„i, ™ « vol. VI,. p .70. 

’v'’i \VY I IHgl ' n %1 ' H'- A. Txiwe. Stamp mill for treatment of low 
J.'ad, s,lv<^r'orcs if Silver ‘islet Mill. Lake Superior, with costs and loss in the 

M vvYiiT (188‘>) p 37 Same as Am. Imt. Min. Eng.. Vol. IX. p. 646 

!"j’ V i‘ vvv V '(ISS'M ’n’306 No author. Short description and ou^tlinc of 
uVe eoLntnilhm 'works' oF the Heela Consolidated Mming Company at Glendale. 

VorxXXvI'TlBTsK P.‘‘346! Vo Author. Description of a blende eoneentrat- 
ing plant at Galena, Kansas. 


197. 
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229. Ibid., Vol. XLIII., (1887), pp. 274, 292. John A. Church. Description of a stamp 

and concentration mill for fine tailings at Tombstone, Arizona. Figures on 
amount treated, concentrates saved and costs. 

230. Ibid., Vol. XLV., (1888), p. 397. No author. Description of the Carlisle gold stamp 

mill in New Mexico. 

231. Ibid., p. 416. Same as Am. Inst, Min, Eng., Vol. XVI., p. 609. 

232. Ibid., Vol. XLVI., (1888), p. 392. No author. Description of a concentrating mill 

for silver ores. 

233. Ibid., Vol. XLVII., (1889), p. 324. F. de Stowlinski. Description of the San 

Antonio de Yguana concentrating mill, Mexico. 

234. Ibid., pp. 566, 689. Same as Am. Inst. Min. Eng., Vol. XVII., p. 659. 

235. Ibid., Vol. XLVIII., (1889), p. 118. C. H. Aaron. Discussion of the losses in gold 

milling. 

236. Ibid., Vol. L., (1890), p. 628. Abstract of Am. Inst. Min. Eng., Vol. XIX., p. 62. 

237. Ibid., Vol. LII., (1891), p. 498. Cost of milling at the Atlantic native copper mill, 

Lake Superior. 

238. Ibid., p. 502. W. H. Hoffman. Description of magnetic concentration at the Croton 

magnetic iron mines, Brewster, New York. 

239. Ibid., p. 566. E. Ludlow. Form of report used by the Choctaw Coal and Railway 

Company. 

240. Ibid., p. 588. A. Sahlin. Short description of a magnetic concentration plant at 

Weldon, New Jersey. 

241. Ibid., Vol. LIII., (1892), p. 233. Similar to Berg. u. Hiitt. Zeit., Vol. L., p. 229. 

242. Ibid., p. 349. W. de L. Benedict. Washing South Carolina land phosphate by means 

of a log washer. 

243. Ibid., p. 616. A. Sahlin. Discussion of the value of magnetic concentrates. 

244. Ibid., p. 665. J. W. Meier. Notes on the ore dressing works at Przibram, Bohemia. 

245. Ibid., p. 667. 0. F. Pfordte. Description of the concentration plant at Casapalca, 

Peru. 

246. Ibid., Vol. LIV., (1892), pp. 5, 28, 52. J. W. Meier. Notes on the ore dressing 

works at Przibram. 

247. Ibid., p. 102. No author. Description of concentrating plant at Harney Peak tin 

mines, South Dakota. 

248. Ibid., pp. 198, 222, 245. T. A. Rickard. Description of gold stamp mills in Gilpin 

County, Colorado. Discussion of the system used, costs, losses, and results 
obtained. 

249. Ibid., pp. 534, 558. T. A. Rickard. Description of gold stamp mills at Thames in 

New Zealand, giving losses and results obtained. 

250. Ibid., Vol. LV., (1893), p. 77. W. M. Brewer. Brief outline of log washer plant 

for iron ore in Alabama. 

251. Ibid., pp. 78, 101. T. A. Rickard. Description of gold stamp mills at Clunes, Vic- 

toria, with losses and results obtained. 

252. Ibid., pp. 222, 247. T. A. Rickard. Description of gold stamp mills at Otago, New 

Zealand, with results obtained. 

253. Ibid., p. 295. J. Hicks. Discussion of the losses in dressing tin ores in Cornwall. 

254. Ibid., pp. 389, 416. T. A. Rickard. Description of gold stamp mills at Ballarat, 

Victoria, with results obtained. 

255. Ibid., pp. 534, 560. T. A. Rickard. Description of gold stamp mills in the Ovens 

district, Victoria, with results obtained. 

256. Ibid., Vol. LVI.. (1893), p. 544. E. C. Moxham. Short description of the con- 

centration plant of the Bertha Zinc Company in Virginia. 

257. Ibid., pp. 039, 603. T. A. Rickard. Description of gold stamp mills in Amador 

County, California, with losses and results obtained. 

258. Ibid., pp. 101, 128. T. A. Rickard. Discussion of the various piocossos of gold mill- 

ing used in different districts in Australia, with the losses and r(‘sulia obtained. 

259. Ibid., Vol LVII., (1894), p. 127. S. I. Hallet. Full description of llallet’s hand 

testing Jig. Drawing given. 

260. Ibid., pp. 174, 198. T. A. Rickard. Description of gold stamp mills at Bendigo, 

Australia, with losses and results obtained. 

261. Ibid., p. 223. Abstract of Am Inst. Min. Eng., Vol. XXIV. j) 34. 

262. Ibid., pp. 400, 4S0, 511. T. A. Rickard. Description of gold stamp mills at Grass 

Valley, California, giving losses and results obtained. 

263. Ibid., p. 490. W. B. Phillips. Figures on the cost of magnetic concentration of 

Cranberry ore in North Carolina. 

264. Ibid., Vol. LVIII., (1894), p. 9. G. T. Cooley. Short description of plant for 

dressing zinc ore in Southwest Missouri. 

265. Ibid., p. 33. Abstract of L. Superior Min. Inst., Vol. 11., (1894), p. 97. 
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266. lUd., pp. 269, 293.^ Abstract of Engineering, Vol. LVIII., (1894), pp. 262, 294. 

267. Ibid., p. 390, (r, b. Deetkin. Short history of the development of concentration in 

Calitornia gold stamp mills. 

268. Ibid., p. 392. J. K. Holibaugh. Dressing of zinc ore in Southwest Missouri and 

results obtained. 

269. Ibid., p. 415. Abstract of Engineering, Vol. LVIII,, (1894), pp. 262, 294. 

270. Ibid., p. 489. F. M. Drake. Description of gold stamp mill of Wentworth Company 

at Lucknow, Mew South Wales, with results obtained. 

271. Ibid., p. 536. Abstract of Bull. Soc. Ind. Mm., Series III., Vol. VII., (1893), pp. 

405-485. 

272. Ibid., Vol. LIX., (1895), p. 243. T. A. Rickard. Discussions of the reasons for 

the Gilpin County, Colorado, and for the California methods of gold stamp mill- 


ing. 

273. Ibid., Vol. LX., (1895), pp. 29, 441, 466. W. H. Storms. Description of several 

gold stamp mills in California with blanket plants. 

274. Ibid., p. 195. F. Hille. Outline of a concentrating plant for galena and zinc blende. 

275. Ibid., pp. 221, 247. T. A. Rickard. Description of gold stamp mills in the Black 

Hills, South Dakota. 

276. Ibid., p. 371, 397. T. A. Rickard. Discussion of adaptability of gold stamp mills 

to’ various purposes. Some abstract principles of gold milling and a plea for 


systematic testing. . « i j 

277. Ibid. p. 439. No author. Brief description of a concentrating plant in Colorado. 
278! Ibid.] Vol. LXII., (1896), p. 319. B. McDonald. Description of gold stamp mill 
at Gibbonsville, Idaho. 

279 Ibid. Vol. LXIV., (1897), p. 68. P. W. Duffield. Same as Inst. Mm. & Met., Vol. 
V.’, (1896-7), p. 325. . ^ 

280. Ibid., p. 98. J. P. Wetherill. Full outline of the Wetherill magnetic concentrating 

pl’ant at Franklin Furnace, New Jersey. v j 

281. Ibid., p. 305. P. Buttgenbach. Description and dimensions of a glass hand testing 


Ibid^ X) 488. No author. Report of the Homestake Mining Company, South Dakote. 
Ibid.' Vol. LXV., (1898), p. 459. No author. Results of an experiment on the 
in’inimum amount of water required fot stamp mills. 

Ibid. p. 459. C. W. Merrill. Description of the plant for cyaniding the tailings of 
the Montana Mining Company at Marysville, Montana. 

Ibid. p. 549. F. L. Bartlett. Some general ideas on milling with especial reference 
to’ small fine crushing plants, an illustration of which given. 

Ibid., Vol. LX VI., (1898), p. 400. No author. Report of the Anaconda Copper 
Mininu Company, Montana, giving detailed costs. 

Ibid p.^r)75. A. ^11. Bromly. Weight of a cubic foot of ore when crushed for 

cv’anidin", in the Hauraki peninsula, New Zealand. KofnrA 

Ibid., Vol. I.XVII., (1899), p. 83. No author. Use of a Dodge breaker before 

. "No“autS‘''‘Sort of the Tamarack Mining Company, Michigan, giv- 

I IbiT r’aof No'author. Report of the Quincy Mining Company and of the 

: author. Report of the Horn Silver Mining Company, Utah, giving 

t No author. Report of the Frankhn Mining Company, Michigan, giv- 

I ,,,,;;'Soi’'‘i'aViTu( 1899), p. 187. Report of the Wolverine Mining Company, 
! /,„d "'p'"l7"o " No1>l*or.‘‘^teport of the Alaska Treadwell Gold Mining Company, 
i’ txri:‘tST263. no author. Short description of the Thayer 

Me arrangement of the 
9. / 6 ,:;.i'pp.“l 2 r?CRT 90 .®¥'™Vgan. Elaborate article on gold dredging in New 
0. /6frf.‘!’'p."39r,. F. Powell. Description of gold dredges on Snake River, Idaho, with 
1 corundum in Renfrew County, 

Ontario, Canada. 
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302. Hid., Vol. LXXI., (1901)., p. 119. ^ T. J. Barbour. Account of present state of 

dredging industry in Calitornia with costs and results. 

303. Hid., p. 823; Vol. LXXII., (1901), pp. 11, 40. C. P. Grimsley. Very complete 

article on gold dredging. 

304. Hid., Vol. LXXII., (1901), p. 322. Editor. General statement of the work done 

by the blende mills in Southwest Missouri. 

305. Hid., p. 328. No author. Result of the removal of pyrite from blende in Missouri 

by roasting and treatment on a Waring magnetic concentrator. 

306. Hid., Vol. LXXIII., (1902), p. 311. No author. Description of new concentration 

mill of the Anaconda Copper Mining Company in Montana. 

307. Hid., p. 468. Editor. Results obtained in Osceola mill, Michigan, on native copper 

rock. 

308. Hid., Vol. LXXIV., (1902), p. 178. E. Skewes. Description of the method of 

washing tin slimes recovered from the Red river, Cornwall, with results obtained. 

309. Fed. Inst. Min. Eng., Vol. IX., (1895), p. 344. A. G. Charleton. Description of the 

milling process for gold ores at Pestarena, Italy, by amalgamation in Francfort 
mills. Details and costs. 


310. Freiberger Jahrb., (1890), p. 65. 0. Bilharz. Description of the new Himmelfahrt 

mill at Freiberg, Saxony. 

311. Hid., (1893), p. 80. L. Seemann. Discussion of the losses in sizing, jigging and 

wet stamping. 

312. Oenie Civil, Vol. XVII., (1890), p. 337. G. Prus. General article on magnetic con- 

centration, considering mechanical treatment, operation of different separators, 
giving results obtained and cost of installation. 

313. Htd., Vol. XXV., (1894), pp. 84, 137, 164. P. Ferrand. Very full description of 

gold mill at Ouro Preto, Brazil. Fully illustrated, showing general arrangement 
and details. Figures on cost and labor. 

314. Gen. Min. Assoc. Quebec, Vol. I., (1892-3), p. 150. L. A. Klein. Description of 

method of dressing asbestos. 

315. Inst. Civ. Eng., Vol. CVIII., (1892), p. 133. A. H. Curtis. Comparative tables, 

showing cost, capacity, power and effective horse power per ton of quartz, of 
stamp mills, Krom rolls and Huntington mills. 

316. Ibid., Vol. CXIV., (1892-3), p. 132. M. B. Jamieson and J. Howell. Description 

of concentrating plant on silver ores at Broken Hill, New South Wales, with 
figures on capacity, water and costs together with reasons why it is unsuccessful. 

317. Ibid., Vol. CXVI., (1894), p. 4. R. E. Commans. General article describing the 

various processes and machines for separating valuable and waste minerals after 
crushing. 

318. Ibid., p. 331. F, R, Kensington. Description of the washing of iron ore at Cabar- 

ceno, Spain, by means of wash trommels. 

319. Ibid., Vol. CXXIII., (1895-6), p. 379. H. W. F. Kayser and Richard Provis. De- 

scription of tin dressing plant at Mount Bischofi, Tasmania. 

320. Inst. Mech. Eng., (1873), p. 119. H. T. Ferguson. Description of the process of 

tin dressing in Cornwall, machines used and results obtained. 

321. Inst. Min. d Met., Vol. II., (1893-4), p. 92. H. L. Lawrence. Description of the 

jigging and magnetic plant for dressing zinc blende and magnetite at the New 
Pierrefitte mines, France. 

322. Ibid., Vol. III., (1894-5), p. 168. 0. G. W. Lock. A few notes on the milling practice 

in the Black Hills, South Dakota. 


323. Ibid., p. 344. A. C. Claudet. Description of gold stamp mills at Mesquital, Mexico 

with power, cost and results obtained. ' 

324. Ibid., Vol. IV., (1895-6), p. 3. F. Owen. Description of several gold stamp mills 

in the Remedies district (Republic of Colombia) with results obtained. 

325. Ibid., Vol. V., (1896-7), p. 99. G. M. Barber. Description of the treatment of gold 

ores at Atacama, Chili, by dry grinding with a Grfison ball mill, followed by pan 
ooa rr using sea water. Results obtained with both wet and dry grinding. 

326. /Old., p. 116. S. G. McCormick. Scheme of treatment of gold ores at Ouro Preto 

mine, Brazil, by stamping and concentration. 

327. y. 153. P. R. Robert. Details of the North Star stamp mill at Grass Valiev 
California, with results obtained, power, cost, losses, etc. 

328. 71)id. p. 243. A. G. Charleton. Disouasion of the method of keeping mine accounts 

and making out reports, with various illustrations. 
oH’ P. W. Duffleld. Short deaoription of a hand testing iig. 

330. Ibzd., Vol- 1897-1898) p. 51. Frank Owen. Method of working tin placers 

m Perak, Malay Peninsula. ® 

331. im., Vol. yil., (1898-1899) p. 12. W. H. Derrick. Description of the method of 

dressing tin ore in the Malay Peninsula. 
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Boli^a. SlioJt descriptions of several tin dressing mills in. 

i'me vannerf,’ ^th^?Sults oSned”*^ Doleoath tin mill, Cornwall, using 

■ ffl-o-LSir 

. /6id., Vol.’^ (1892),7 1^5. Samrrs’o^T2“f:,’voVxL^^ 

■ o'f the Hii>ernia 

’ rhU’^'' T of Inst. Civ. Eng., Vol CXVI p 331 

• ^^tne^ira'^n^t^^n^^^t^kr^e;- of Ediskl'r^^iretic 

■ K sTr*^!! 

Pranz Kretschmer. Graphite 

o* the 

ma1n®^tic'^c?nientratio^^ I>-«tption of Edison’s 

■ Seizes, yo\. 11., (1883), p. 165. W. H. Brewer. Paper on 

the subsidence of particles in liquids. ^ 

Min, Ass. d Imt. Cornwall, Vol. I., Part II., (1886), p. 93. R. J. Frecheville. Dis- 

ri • rrr Comish tiu drcssiug and suggestions for improvements. 

Ibid., Vol. IV., (1892), p. 111. J. Hicks. Discussion of the losses from slimes in 
dressing tin and means of reducing them. 

Min. Ind., Vol. IV., (1895), p. 531. R. Helmhacker. Short description of sl quick- 
silver concentration plant at Idria, Austria. 

Ibid., Vol. V., (1896), p. 19. C. N. Jenks. Short description of processes for 
dressing corundum. 

Ibid., p. 619. F. L. Bartlett. Discussion of the difficulties of concentrating blende 
when pyrite is present. 

Ibid,, Vol. VI., (1897), p. 354. W. R. Ingalls. Condition of the gold dredging in- 
dustry in the United States. 

Ibid., pp. 359-306. W. R. Ingalls. Various figures of costs in gold and silver mills. 

Ibid., p. 702. R. H. Richards. Description of methods of testing for a mill process. 

Ibid., p. 709. J. Gross. Description of the Golden concentrating plant. Colorado. 

Ibid., Vol. VII., (1898), p. 150. T. C. Hopkins. Description of methods for wash- 
ing kaolin by use of log washers, blungers, and settling tanks. 

Ibid., p. 353. R. H. Richards. Abstract of Can. Min. Rev., Vol. XVII., (1898) p 
270. ^ 

Ibid., Vol. VTII., (1899), p. 13. L. S, Ropes. Short description of the mill of the 
I sol Corundum Company in Georgia, using jigs and vanners. 

Ibid., p. 326. A. Grothe. A comprehensive article on gold dredging in the United 
States. 

Ibid., p. 622, No author. Short outline of the Mount Bischoff tin dressing plant 
in 'I’iis mania. 


359. Ibid., p. ()()8. F. Nicholson. Description of standard 100-ton concentrating mill 
for blonde* in Southwest Missouri with complete specifications of the same and 
figiiros on costs of mills and milling, 

3()(). Ibid., Vol, IX, (1900), p. 14. No author. Short description of corundum dressing 
null ot tho Canada Corundum Company, Limited, at the Robillard mine in Raglan 
township), Ontario, Canada. 

3()1. Ibid., p. 107. II. Rics A short description of the method of washing clay. 

362. Ibid., Vol. X, (1901), p. 690. Frank Nicholson. Figures on costs of mills and 

milling blonde oros in tho doplin district of Missouri. Water required, 

363. dOnc.s* d Minerals. Vol. XVI 11, (1897-8), p. 200. Geo. Leighton. Short descrip- 

tion ot methods of dressing phosphate in South Carolina. 

364. Ibid., Vol. XIX., (1898), pp. 35, 181, 232. G. E. Bailey. Notes on the location and 

construction of gold stamp mills. 

365. Ibid., Vol. XX., (1900), p. 303. Arthur Lakes. Short description of the Standard 

mill in the Coeur d'Alene district, Idaho. 

366. Ibid., p. 343. No author. Short description of the new Bunker Hill and Sullivan 

mill at Wardner, Idaho. 
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367. ibid., Vol. XXII., (1901), p. 7. C. V. Jenkins. Discussion of method of keeping 

mine and mill accounts. . 

368. Urn. Jour., yol. XLIII., (1873), p. 3S3. T. Parkyn. Short note on tin dressing at 

St. Dennis, Cornwall. Illustrated, showing general arrangement of mill. 

.369. Min. Soc. N. Scotia, Vol. I., Part II., (1892-3), p. 34. J. E. Hardman. Descrip- 
tion of the Oldham gold stamp mill. Nova Scotia, with costs and results obtained. 
370. Mm. d Sci. Press, Jan. 5, (1884), p. 1. Description and estimates of cost of con- 
structing and running Anderson's concentrating mill. 

‘371. Ihid., Vol. LXI., (1890), p. 345. No author. Short description of a concentrating 
mill for galena. 

372. Ihid., Vol. LXVI., (1893), p. 339. No author. Short description of the Santa 

Eduwiges wet silver mill, Mexico. 

373. Ihid., Vol. LXVIII., (1894), p. 193. No author. Short description of a combina- 

tion mill built by the Union Iron Works. 

374. Ihid., p. 197. Short abstract of Am. Inst. Min. Eng., Vol. XXII., pp. 321, 647. 

375. Ihid., pp. 209, 260. A. B. Paul. Short discussion of the Colorado and California 

systems of gold milling. 

376. Ihid., p. 324. No author. Short note on loss of gold in stamp null tailings with 

figures from the Robinson gold mine, Johannesburg, South Africa. 

377. Ihid., Vol. LXIX., (1894), pp. 22, 33. Same as Am. Inst. Min. Eng., Vol. XXIV., 

p. 220. 

378. Ihid., p. 241. No author. Description of the Eureka Hill combination mill in Utah. 

379. Ihid., Vol. LXX., (1895), p. 70. E. L. Ballou. Results of stamping and concen- 

tration on a sulphide gold ore. 

380. Ihid., p. 97. A. G. Robbins. Description of plant for amalgamation and concentra- 

tion of river sand at Dayton, Nevada. 

381. Ihid., Vol. LXXII., (1896), p. 61. No author. Short description of concentration 

plant on Comstock tailings, Nevada, using JCinkead mills, amalgamating plates 
and vanners. 

382. Ihid., Vol. LXXIIL, (1896), p. 277. W. S. Hutchinson. Description of the Gates 

canvas plant at Jackson, OaJiforniai. 

383. Ihid., p. 523. J. Ross, Jr. Cost of milling at the Wildman and Hector gold stamp 

mills, California. 

384. Ihid., Vol. LXXTV., (1897), p. 408. Ph. Reardon. Discussion of losses in Colorado 

gold stamp mills. 

385. Jbtd., p. 473. S. R. Porter. Cost of gold stamp milling at the Baliol Mill, Sutters 

Creek, California. 

386. Ihid., Vol. LXXV., (1897), p. 98. E. B. Kirby. General discussion of the different 

systems of ore dressing. 

387. Ihid., pp. 432, 458. No author. Description of Edison’s magnetic concentration 

plant. 

388. Ihid., p. 459. E. McCormick. A summary statement of the Calumet and Heel a mill 

scheme, Lake Superior. 

389. Ihid., Vol. LXXVI., (1898), p. 153. No author. Short note on gasoline engines for 

power in the Arizona desert. 

390. Ihid., pp. 391, 490. Chas. Butters. Coagulation, concentration, and settling of slimes. 

391. Jhid., p. 513. No author. Effects of different salts and acid on precipitation of 

slimes. 

392. Ihid., p. 590. No author. Description of Hendy improved gold hand pan with flange 

just below inner edge. 

393. Ihid., Vol. LXXVIII., (1899) p. 208, J. W. Gray. Description of two New Zea- 

land gold dredges and results obtained. 

394. Ihid., Vol. LXXIX., (1899), p. 36. R. H. Postlethwaito Detailed description of 

Km Ora dredge, on Feather River, California, with results obtained. 

395. Ihid., Vol. LXXXI., (1900), p. 184. G. W. Starr. Description of Empire gold stamp 

mill, with Gates' canvas plant, at Grass Valley, California, giving figures on 
dimensions, costs and percentage recovered. ^ 

396. New Zealand Inst. Min. Eng.. Aug. 28, 1898. W. II. Cutten. Gold dredging in New 

Zealand. 


397. -V. Carolina Ocol. Survey Bull., No. 11, (1896), p. 83 J. V. Lewis. Description of 
methods of cleaning corundum at Sapphire and at Corundum Hill, North Carolina. 
308. North Enq. Inst. Mm. d Mech. Eng., Vol. XLIll, (1893-4), p. 37, rt srq A. G. 
Charleton. General discussion of the variation in the items’ of eost in constructing 
and running mills, giving specific examples from different mills. Description of 
gold stamp mill practice in various districts, compiled from various authors 
399. Ontario Eep., Vol. VII., (1898), p. 242. C. De Kalb. Report of tests made on 
corundum ore with scheme for treatment. 
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Oest. Zeit,, Vol. XXXIII., (1885), p. 699. J. Habermaun. Eesults of comparative 
tests on Salzburger tables run by the Przibram system and on those run by the 
Kaibl system. 

Ih^d., Vol. XXXIV., (1886), p. 67. J. Habermann. Description of treatment of 
zinc ores at Kaibl in Cannthia, and results obtained. 

/bid., p. 621. J. Habermann. Description of plant with fine crushing at Przibram, 
liohemia, with figures on power, water and capacity. 

Vol. XXXVI., (1888), p. 230. K. von Reytt. irer cent, of moisture in drained 

ore. 

, /bid., pp. 508, 515. C. von Reytt. Description of Karlick screen and jig plant at 
Przibram, with figures on power. 

. Ihid., Vol. XXXVII., (1889), p. 133. E. Ferraris. Description of plant for dressing 
zinc ores at Monteponi, Sardinia. 

. /bid., pp. 553, 569, 578. E. Purtseher. Same as Cal. Rep., Vol. VIII.. p. G96. 

. /bid., Vol. XXXVIll., (1890), p. 213. 0. Bilharz. Remarks on the mode of treat- 
ment for gold or lead ores. 

/bid., Vol. XL., (1892), p. 233. E. Ferraris. Description of roasting and magnetic 
separation plant at Monteponi, Sardinia. 

. /bid., Vol. XLl., (1893), pp. 39, 51. J. Billek. Description of concentration plant 
on galena-blende-pyrite at Maiern, Austria, and results obtained. 

. /bid., Vol. XLII., (1894), p. 421. K. Ferraris. Description of the fine concentra- 
tion plant at Monteponi, Sardinia. 

. Rev. des Mines, Series II., Vol. I., (1877), pp. 11, 275. 0. Dupont and Ch. Quehant. 

General article on dressing lead and zinc ores in Belgium. 

!. lUd., Series III., Vol. XXI., (1893), p. 287. L. Demaret. General article on 
dressing tin ores in Cornwall. 

1. Royal Inst. Great Britain, Vol. XV., Part II., No. 91, p. 483. Wm. Crookes. Article 

on diamonds. . „ 

:. S. Afr. Min. Jour., Vol. VII., (1898), p. 359. R. G. Smith. Settling fine slimes by 
adding dissolved substances. , • 

>. /bid. p. 550. No author. Weight of a cubic foot of broken quartz m South Airiea. 

)'. /bid.’ pp. 659, 674. No author. Full discussion and figures on consumption and loss 
ot’ water in stamp mills on the Rand. u -n • 

I. Ihtd., p. 935. No author. Short description of the Jumpers Deep gold mill in 
South Africa and results obtained. , .rr q w 

! Nch Mines Quart., Vol. IV., (1883), pp. 179, 298; Vol. V., (1883), pp 8, 140. W, 
11. Kunhardt. Same as Kunhardt, W. B., “Ore Dressing in Europe. 

). /bid, Vol. IX., (1887), p. 74. J. F. Kemp. Description of the Desloge mill for 

mi Iona in Missouri. ^ ^ • j.- e 

I Ibid (1888) p. 145. G. W. Maynard and W. B. Kunhardt. Description of the 
drcsaina of iron ores at Iron Mountain, Missouri; Lyon Mountain. >ew Vork; 
Negaunoc, Michigan, together with dressing tests on New Jersey and Adirondack 

oies, with results obtained. n- iob \f 

1. Ibiil., Vol. XIV.. (1892-3), pp. 218, 330; m XV. (1893-4), pp. 16, Ho. 1-6. M. 

Ih'lloiri. Same as Ann. des Mines, Vol. XX., (1891), P- f- r„i,». 7 v 

2. Ibid., Vol. XXr, (1899-1900), pp. 28, 137, 239. Same as Berg. u. Butt. Jahrb., Vol. 

3. sip.!‘voh'xLII^ (1897), p. 18,239. Similar to Min. d Soi. Press, 

4. .s'oc'"jr'aVoa;:,'Lndoir, Vol. XLIIL, (1895), p. 609. A. G. Charleton. The dress- 
r, „„rVol!’‘xLVr'(1897), p. 69. B. H. Brough. Short description of magnetic 

,.o;,c..ntrating plant ^ Smith. Discussion of the 

” ''•“"■-"^n\Sation®of particles. 

7 V/,/ , • ■ MM., (1893), p. 675. No author. Some results of magnetic 

/h'rVo^XVM ‘’TrB"7l T'ovVo'utZT DesJrTption of the magnetic separat^ 
'"Ik and wH drl^S’l^ant on the island of Svarto. Sweden, for iron ore and 

,9. Te:KTi^. Census, Vol , XITT. ( 1880 ), A^general stati.stical article on gold 

and silver P 140 G. Vogt. Experiments on the testing 

clays by ’the wasMng irocess’ fer the separation of clay. nuca. quartz, and 

M /!„rf''’T>r632, 660, 707, 81.3, 8,38. Mr. Hotop Very full description of the washing 
ot' clays, describing various forms of washers 
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432. lUd., Vol. XXIV., (1900), p. 1825. J. W. Schamberger. Short description of clay 

washing. 

433. U. JS, OeoL Survey Bull, 30. C. Barus. Discussion of subsidence of fine solid particles 

in liquids with experimental tables on eliects of difierent solutions, etc. 

434. U, S. Geol. Survey, Min. Resources, (1886), p. 688. W. A. Raborg. Short note on 

experimentally separating graphite from gangue by means of petroleum. 

435. Ihid., (1897), Part VI., p. 387. H. Ries. Description ot washing clays. 

436. Ihid., p. 392. G. Vogt. An abstract of Thon-lnd, Zeit,, Vol. XVll., (1893), p. 140. 

437. Zeit. Berg, Butt. u. Salinen-wesen, Vol. XXI., (1873), p. 85. Kutseher. Full de- 

scription of the ore dressing works at Clausthal. 

438. Ihid., Vol. XXVI., (1878), p. 105. K Althans. A general article on ore dressing. 

439. Ihtd., Vol. XXVIIL, (1880), p. 210. 0. Hosier. Description of method of dressing 

copper at Lake Superior and results obtained. 

440. /bid., _VoL XXXII., (1884), p. 389. H. Koch. Description of ore dressing plant at 

Tarnowitz, Silesia. 

441. Ihid., Vol. XXXIII., (1885), p. 245. No author. Description of ore dressing plant 

at Beuthen in upper Silesia. 

442. Ihid,, Vol. XLI., (1893), p. 1. 0. Hoppe. Theoretical discussion of the principles 

of water separation, more especially by jigs, as advanced by various authors. 

443. Ihid,, Vol. XLIII., (1895), p. 215. No author. Short description of the new close 

sizing jigging mill of the Bleichailey mine at Beuthen. 

444. Ihid,, Vol. XLV., (1897), p. 232. No author. Brief description of a plant for 

roasted spathic iron ore. 

445. Ihid,, Vol. XLVII., (1899), p. 209. No author. Use of specific gravity in place of 

chemical analyses to determine the value of products at Tarnowitz, Silesia. 

446. Ihid., p. 246. jSbr. Hubner. Method of testing slimes by specific gravity as used 

at Tarnowitz. 

447. Zeit. Ter. Deut, Ing., Vol. XXX., (1886), p. 2. C. Sachs. Description of the Neuhof 

mill at Beuthen in upper Silesia. 

448. Ihid., Vol. XXXV., (1891), pp. 1213, 1433. 0. Hoppe. Theoretical discussion of 

classifying and the velocity of bodies falling in water. 

449. Ihid., Vol. XXXVIll., (1894), p. 52. No author. Short note on the Huntington 

mill used for amalgamation of a gold-silver ore, with figures on power and 
capacity. 
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TABLES AND OTHER USEFUL INFORMATION. 
Equivalents of Weights and Measuees.* . . . 
Lsngth. 

1 mile = 5,280 feet, = 1609.31 meters. 

1 foot = 12 inches, = 0.30479 meter. 

I inch = 25.3995 millimeters. 

1 kilometer = 1000 meters, = 0.62138 mile. 

1 meter = 100 centimeters, = 3.280899 feet. = 39.370790 inches. 

1 ceniimeter = 10 millimeters, = 0.393708 inch 
1 millimeter = 0.039371 inch. 


Surface. 


1 souare yard = 9 square feet, = 0.83610 square meter. .. 

1 square foot = 144 square inches, = 9.290u square decimeters, — 929.00 square centimeters. 
1 square Inch = 6.4514 square centimeters. ^ 

1 square meter = 100 square decimeters. = 10.i64 s(mwo feet. 

1 square decimeter = 100 square centimeters, = 0;^764 square foot, = 15.501 square inches. 
1 square centimeter = 100 square millimeters, = 0.15501 square inch. 

1 square millimeter = 0.001550 square inch. 


i = 28.3153 liter., 

j A 

1 I'iSr^'o^r'^ubrc declmetor = l-OOofutVcenil^eters. = 0.03531T cubic foot, = 61.027 cubic iuches, 
=r 0.2041!) gallon, = 1.0567 qruarts. 

1 cubic cenlimelcr = 0.061027 cubic inch. 

WHght 

1 ton = 2000 pounds avdp.. = !)07]9 i'ilos. This is the tou used throughout this book unies. 
otherwise speollled. .man. i,ii„o 

1 long ton = 2240 pounds avdp., = iOie.TO KI 10 & grains, = 1 2183 pounds troy. 

1 pound avoirdupois = 16 ounces a^^^^ ^ 0.3732/ kilo 

1 pound troy = •'J^^_?’^?o 7 5 o~crains= 2^3495 grams, = 0 91146 ounce troy 
I ounce avoirdupois - 437^50 gr^atns^ ^ ^ 81.1035 grams, = 1.0971 ounces avdp. The troy 

1 ounee troy^= 4S0 grnmSj^- gold and silver and other precious metals 

1 I;?.! He'oS^-’”;'-''- ^204.62 pounds avdp., = 1.1023 tons. = 0.98421 long tons. 

1 ""rm” =^• 'ti ...I''ee avd"f’="o^l216l‘’Xcl tw, = 15.43235 grains, = 1000 milligrams 
1 miingrai: grain. 


^ , T- . figures are all for water at its maximum density, that is, at a temperature of 

'l^<"nble foot of vva^er J 62 "p^i ^ ^ afns, = 16 386 grams 

1 ‘Jf£"ir£'tei "=^0 0 ? 6 oT 9 "eu^^^ = 27 681 cubic inches, = 0 48359 liter 

\ = 0-02-^217 cubic foot. = 61 027 cubic inches. = 1 0867 

quarts. — 

-.TakelTtT^C.'Hrrhir” Table of Equivalents of ITnlts of Measurement 
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1 cubic centimeter of water = 1 gram, = 15.432 grains. 

Sea water averages 1.028 times as heavy as pure water and it contains about 3.44% of soiids 
(of which 2.5 % is sodium chloride). , ^ 

The water of Great Salt Lake, Utah, is 1.3 70 times as heavy as pure water and contains 22.42% 
of solids. 

Bead Sea water is 1.172 times as heavy as pure wat#‘r. 


Power. 

1 horse power = 33000 foot pounds per minute, = 4562.33 kilogram-meters per minute, = 0.745941 
kilowatt, = 1.01385 metric horse power. 

1 metric horse power = 32549.0 foot pounds per minute, = 4500 kilogram-meters per minute, = 
0.735750 kilowatt. = 0.98634 horse power. 


Pressure. 

1 atmosphere = 760 millimeter^ or 29.922 inches of mercury column, = 10.333 meters or 33.901 
feet of water columi^, .= 14.696 pounds per square inch, = 1.0333 kilos per square 
centimeter. 

1 pound per square inch, = 0.070310 kilo per square centimeter. 

1 kilo per square centimeter = 14.223 pounds per square inch. 


TABLE 401. ^ATOMIC WEIGHTS.* 


Aluminum 

A1 


Rh 

Argon 


Arsenic 


Barium 



Bi 


B 

Bromine 


Cadmium 

Cd 

Caesium 


Calcium 


Carbon 

C 

Cerium 

Ce 

Chlorine 


Chromium 

Cr 

Cobalt 

Co 

Columblum 


(Niobium) 

Cb 

Copper 


ErBfum 

E 

Fluorine 

P 

Gladolinium 

Gd 

Gallium 


Germanium 

Ge 

Glucinum 


(Beryllium) 

G1 

Gold 


Helium 

He 

Hydrogen 

H 

Indium 


Iodine 

I 

Iridium 

Ir 

Iron 


Krypton 

K 

Lanthanum 


Lead 


Lithium 

Li 

Magnesium 

Mg 

Manganese 

Mn 

Mercury 

Hg 


27.1 

120.2 

39.9 

75.0 

137.4 

208.5 
11 

79.96 

112.4 

133 

40.1 

12.00 

140 

35.45 

52.1 

59.0 

94 
63.6 
166 
19 , 
156 
70 

72.5 

9.1 

197.2 

4 

1.008 

114 

126.85 

193.0 

55.9 
818 

138.9 
206 9 
7 03 
24 36 

55.0 
200 0 


Molybdenum 

Neodymium 

Mo 

96.0 

143.6 

Neon 


20 

Nickel 

Ni 

58.7 

Nitrogen 

N 

14.04 

Osmium 


191 

Oxygen 

O 

16.00 

Palladium 

Pd 

106.5 

Phosphorus 

P 

31.(1 

Platinum 

Pt 

194.8 

Potassium 

K 

39.15 

Praseodymium 

Pr 

140.5 

Radium : . . . . 


225 

Rhodium 

Rh 

103.0 

Rubidium 

Rb 

85.4 

Ruthenium 

Ru 

101.7 

Samarium 


150 

Scandium 

Sc 

44.1 

Selenium 

Se 

70 2 

Silicon 

Si 

28 4 

Silver 


107 93 

Sodium 

Na 

23.05 

Strontium 

Sr 

87.6 

Sulphur 

S 

.32.06 

Tantalum 


183 

Tellurium 

Te 

127.6 

Terbium 

Tb 

160 

Thallium 

T1 

204.1 

Thorium 

Th 

232.5 

Thulium 

Tm 

171 

Tin 


110.0 

Titanium 


48.1 

Tungsten 

W 

184.0 

Uranium 

U 

238.. 5 

Vanadium 

V 

.51.2 

Xenon 

X 

128 

173 0 

Ytterbium 

Yb 

Yttrium 

Yt 

89.0 

Zinc 

- . . Zn 

65.4 

Zirconium 

Zr 

90 6 


•Based on Oxygen as 16.00. From the report of the International Committee for 1002. 


TABLE 402 SPECIFIC GRAVITIES OP MINERALS AND COMMO.N METALS 


Sppcitic gravitv. 
6.1 — 6,8 
1,097 

2 62 — 2.65 
2.60 

13 75 —14 1 


Aikinite, 3(Pb,Cui)S BiaSa 

Albert ite 

.A.lhite, NaAlSisOs 

Aluminum, A1 . 

Amalgam, Ag.-Hgct . . . . 

II III 

Amphibole RRSiOs 2 9 — 3 4 

Analcite, NaAlS]206+rr20 . . 2 22 — 2 29 

Andalusite, AloSiOs 3 16 — 3 20 

Andesine, nNaAlSlsOs. I 

wCaAlaSLOs 2,68 — 2.69 

Anglesite. PbRO* 6 12 — 6.39 

Anhydrite. CaS04 ... 2 899 — 2 085l 

Ankerite CaCOs. (Mg,Pe,]Mn)r 03 2 95 — 3 1 


\northife, raAl2Ri208 

Anthracite 
.\ntimony, Rb . . 

Apatite, aCaaP^OR-hCaFo CatMs 
Apophyllite, ILKCa^ (RiO, )„ + 

4 ^ ITaO . 

.Aragonite, CaCOg 

Argent ite, AgaS 

Arsenic, As 

Arsenolite, AsaOj 

Arsenopvrite, PeAsS. . .. 

jisphaltnm 

Atacamite OuCL.nCuCOH) 


Specific 
2 lA 
1 .32 
6 

,3 17 


gravity. 

2.76 

1.7 

71 

— 3.23 


2 3 

2 9.3 
7 20 

t 

3 70" 
5 9 

1 0 
3.75 


— 2.4 

— 2.95 

— 7.36 
; 73 

— 3.72 

— 6.2 
— 1 8 
— 3.77 


Mineralogy, and the n^etals from 


Landolt 
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Axlnlte, HR.BAU(S10,) Specifie^avlty. 

Azurite, Cas(OH),(CO.) 3.77 — 3.83 

Barite. BaoU4.. 43 43 

liarnhardtite, CuiFeaSs? 4.52 

BauxUi:, Al20a2HsO 2 55 

Berthlerlte, FeSbaS* 4.0 4 3 

Beryl, BesAl«Si..Ois 2.63 — 2.80 

Biotite, From (H,K)2(Mg,Pe)4 
(Al,Fe)2SUOio to (%Kh 

iMff.Fe)2Al2SiaOi2 2.7 —3.1 

Bismuth, Bi 9.8 

Bismuthinite, BiaSa 6.4 6.5 

Bituminous Coal 1.14 14 

Bornite, OuaFeSa 4.9 — 5.4 

Bournonite, 3(Cua,Pb)S.Sb3S8.. 5.7 — 5.9 

Bromyrite, AgBr 6.8 — 6.0 

Brookite, TiOa 3.87 — 4.01 

Brown Coal 1.16 — 1.3 

Brucite, Mg (OH >2 2.38 — 2.40 

Cadmium, Cd 8.60 

Calamine. HaZnaSiOs 3.40 — 3.50 

Calclte, CaCOa 2.713 

Cassiterite, SnOa 6.8 — 7.3 

Cast Iron 7.03 — 7.73 

Celestite. SrS04 3.96 — 3.97 

Cerargyrite, AgCl 5.55 , 

Cerussite, PbCOa 6.46 — 6.5741 

Chabazite, (Na2,Ca) Al2Si40i2+ 

6H2O 2.08 — 2.16 

<''halco(ite, CuaS 5.5 — 6.8 

Chalropyrito, CuFeSa 4.1 — 4.3 

Chondrodite, ll2(Mg,Fe)ioSi80a4 

F4 3.1 — 3.2 

(’hromite, I<’oCr204 4.32 — 4.57 

riiromhim. Cr 6.50 

t iji’i-vaas \l, BeAla04 3.5 — 3.84 

Chrysocolla, CuSi0a+2H20. . . . 2.0 — 2.2381 

Chrysolite, (Mg,Pe)2Si04 3.27 — 3.37 

(Mnnabar, HgS 8.0 — 8.2 

(Miuochlore, IlaMgsAlaSiaOia. .. 2.65 — 2.78 

Cobalt, Co 8.6 

(’obaltilo, CoAsS 6 0 — 6.3 

(\)liimbite, ( Fe,Mn) tNb,Ta)20« 5 3 —7.3 

Copper, Cu, Native 8.8 — 8.9 

(’opper, Cu, Pure 8.92 

il-n AM).-, 3 95 — 4.10 

l•!lC^04 5.9 —6.1 

i^ryolite, NaaAlP* 2.95 — 3.0 

Cuprite, CujO 5.85 — 6.15 

Cyanite, AUSiOe 3 56 — 3.67 

Datolite, IK'aBSlOa 2.9 — 3.0 

Diamond, C 3.516 — 3.525 

Din spore, AI2O8.IT20 3.3 — 3.5 

Dolomite, (Ca,Mg)C05 2.8 — 2.9 

Donieykite, (^iis.As 7.2 — 7.75 

Plectrum, mAimAg 15.6 — 19.3 

Pnargite, Cu8AsS4 4.43 — 4.45 

Ppldoie, IICaaCAl.Fel^SIaOjs.'.. 3.25 — .3.5 
Krythrite, CoaAsaOs-tSHaO 2 948 

I’liHTlto, 3.01 — 3.25 

rrariklinit ■, (Fe,Zn,Mn)0. (Fe, 

. 5 07 — 5.22 

tJahnlte, ZnAlaOi 4.0 — 4 6 

Galena, I’bS 7,4 — 7.6 

mu 

rjarncf. It i:.<SiD,i. 3.15 — 4 3 

<l<*rs(lorffii>-, Ni X'.S 5 6 — 6.2 

<;ii)bsite, AI(OIl), . . .. 2.3 —24 

<}nu‘llnite, ( Na2,Ca) AljSi40ia+ 

OllnO 2 04 — 2 17 

Gold, An, Native 16 6 — Di 3 

(Jold, An, TMire 19.32 

(Jothite, FOiOs HaO 4.0 —4.4 

<Jrai)hlte, (’ 2,09 — ^ 23 

Gvpsuin, (^aS04+2rT20 2..314 — 2 328 

ilMrmotom<‘, IFa ( Ka.Ba) AlaSis ^ 

0,84 41120 2 44 — 250 

llematlt<‘, ItVjOi 4.9 — 5 3 

ir(‘Hsil<‘. AgaTe. . . 8 31 45 

Ice. 11,0 0.9167 

Tlmenite, mlt^’eTiOowFoaOi .... 4 5 — 5.0 

Todyritc, .Agf 

Iridium, Ir . . «22.42 

Irldosmine, ?rtlr7?0.s ... . 19.3 — :21.12 

Iron, Pure 

Kaolinite, 2ir-.0 \i O ^SiO 2.6 — 2 63 

Dabradorite, hN:i “-mCa \l.. 

SiaOH 2.70 — 2 72 

Laumontite, n4CaAi2Sl40i44- 

•>rT.o 2 25 — 2 .io 

Lead,- Pb .... n.37 

Lepido'ifp, KDirAl.tOH.Flal 

AUSiO.). 2S — 23 


““““ite, 2F^O,.3H.O 

Magnesite, MgCOs 30 — 3 12 

Mapetlte, #e0.P6.0. 5 168— lilSO 

Malachite, Cii,(OH,,CO. 3.9 — aIoI 

Manganese, Mn 7 39 

Manganlte, MniO,.HsO 4.20 — 4.40 

n =|-|5 

I? zlf 

Muspyite, HaKAl,(SI04)s 2.76 — 3'.0 

SfP^tha 0.60 — 0.756 

Niccolite, NlAs 7.33 — 7.67 

Nickel, Ni 8 9 

Oligoclase. aNaAlSisOgwCaAla 

SiaOg 2.65 — 2.67 

Opal, SiOauHaO 1.9 2 3 

Orpiment, AsaSs 3.4 — 3'.5 

Orthoclase, KAlSisO& 2.467 — 2.619 

Ozocerite, 0.85 — 0.90 

Palladium, Pd 11.3 — ii.8 

Phlogopite, (H,K,MgP) sMgsAl 

^,(8104) 8 2.78 — 2.85 

Finite, Hydrous Alkaline Sili- 
cate from alteration 2.6 — 2.85 

Platiniridium, wTtwIr 22.65 — ^22.84 

Platinum, Pt, Native 14.0 — 19.0 

Platinum, Pt, Pure 21.50 

Polybaslte, Ag»SbSe 6.0 — 6.2 

Prehnite, HaCaaAlaShOia 2.80 — 2.95 

Proiistite, AgsAsS* 5.57 — 5.64 

Psilomelane, H4MnOs 3.7 — 4.7 

Pyrargyrite, AgaSbS* 5.77 — 5.86 

Pyrite, FeSa 4.95 — 5.10 

Fyrolusite, MnOa 4.82 

Pyromorphite, BPbgPaOg.PbCla.. 6.5 — 7.1 

Pyroxene, RSlOa 3.2 — 3 6 

Pyrrhotite, FeuSia 4.58 — 4 64 

Quartz, SiOa 2.653— 2.660 

Realgar, AsS 3.556 

Rhodochrosite, MnCOs 3.45 — 3 60 

Rhodonite, MnSiO* 3.4 — 3.68 

Rutile, TiOa 4.18 — 4.25 

Scheelite, CaW04 5.9 — 6.1 

Serpentine. H4Mg8Sl30» 2.50 — 2.65 

Siderite, FeCOs 3.83 — 3 88 

Silver, Ag, Native 10.1 — 11.1 

Silver, Ag, Pure 10 53 

Smaltlte, CoAsa 6 4 — 6.6 

Smithsonite, ZnCOs 4 30 — 4.45 

Sphalerite, (Blende) ZnS 3 9 — 4 1 

Spinel, MgAlaOt 3 5 — 4.1 

Spedumene, LlAKSlOs)^ 3.13 — 3.20 

Staurolite, H4(Fe,Mg)6(Al,Fe)a4 

SIhOb# 3 65 — 3.75 

Steel 7 60 — 7.80 

Stephanite, AgsSbS* 6.2 — 6.3 

Stibnite, Sb.Ss 4.52 — 4.62 

Stilbite, H4(Naa,Ca)Al2Si60i8+ 

4H20 2 094 — 2.205 

Strorf'anlte. SrCOs 3 6*^0 — 3 714 

Sn I-' i:*-, S 2.07 — 2.09 

Sylvanite, fAu,Ag)Te2 7 9 — 3 

Tale, HaMgaSiiOia 2.7 —28 

Tenorite, CuO 5.825 — 6.25 

Tephroite, Mn:Si04 4.0 — 4 12 

Tctradymite, P.>ji'reS>T ... 7 2 — 7 6 

T' trahedrite. -iCiiaS SbaSa. . . . 4.4 — 5.1 

Tin Sn T 29 

Titanite, (^aTiSiOs 3 4 — 3.56 

Topaz, [AI( 0,Fa)lAlSig4 . . . . 34 — 3 65 

Tourmaline, [ (Na,Iii,Kia,(Mg 

Ifo?*? 2 9R-.3.20 

Turglte, 2Feo03 HaO 4.29 — 4.49 

Valentlnite, SbaOs . . . ... . . ^ ^ «« 

Vivianlte, Fcal'aOs-^feH^O 2 oS — 2.68 

Wad, Impure hydrous oxide of 

manganese . . ... • 3 o — 

Willemite, Zn?Si04 . . 3.S9 — 4.18 

Witherite, BaCO,. ...... • 

Wolframite, rPe.MniWO^ I ^ — 7.5 

Wrough*^ Iron . <79 7.86 

Wu'fenite. PbMoO^ 6 < — 7 0 

ZaratitP, Niro,2NUOH),+4HjO 2 R7 — 2.69 

ziUoiK-, 7-0 ■ . : . ; ; b 4s — 5.7 

zircon ZrSIO, ' 4 68 — 4.70 
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ORE DRESSING. 


Weight of Beoken Oke 

This is important in figuring for a mill and in comparing work at various places. For exam- 
ple, in estimating the tonnage capacity of crushing machinery, the specific gravity of the ore, 
or in other words, its volume, must be considered as well as its hardness. 

The weight of a cubic foot of crushed rock depends on the manner of crushing. As a rule, the 
finer it is, the less the weight. A mixture of coarse and fine will weigh more per cubic foot than 
either coarse or fine separately. The weight of coarse ore per cubic toot may be calculated from 
the volume of the skip or car and the weight of Its contents ; for fine stuff a little box holding 
exactly one cubic foot is to be recommended 

Vezln’s rule (.probably for ore crushed fairly fine) is that the weight of mixed coarse and fine 
crushed ore is 57% of the weight of uncrushed ore, or the volume is increased, by crushing, to 
one and three-fourths times the volume of solid rock. The specific gravity of galena is 7.5 and. 
that of quartz is 2.62. Then the specific gravity of an ore containing 16% galena and 85% 
quartz, before crushing, would be 0.15 X 7.5 + 0.85 X 2.62 or 8.835. The specific gravity, 
after crushing, would be 57% of 3.835 or 1.9. Taking the weight of a cubic foot of water as 
62.5 pounds then the crushed ore would weigh 62.5 x 1.9 or 118.7 pounds. For the ore com- 
ing to Mill 94, Vezin estimated that one cubic foot, after being crushed to about %-inch size, 
would weigh 90 pounds or there would be 22.2 cubic feet per ton. 

Kirby2®7 states that ores in place are full of small fractures and may be spongy or porous so 
that they will not weigh as much as solid compact specimens of mineral. His figures are given 
in Table 403- Oxidized ores in place cannot be well calculated and their weight should be de- 
termined in each case by actual lest. Broken ore on dumps in pieces ranging from the size 
of one’s head to gravel contains from 35 to 56% interstitial spaces, that is, the weight of the 
broken ore is from 50 to 65% of the weight of the pre in pljace. 


TABLE 403. — VALUES FOB OHB IN PLACE. 



1 Weight per Cubic Foot. 

Cubic Feet per Ton. 

Material. 

Theoretically* 

Pounds. 

Practically. 

Pounds, 

Theoretically.* 

Practi- 

cally. 

Galena 

465 

426 

4.3 

47 

7.0 

8.5 

Pyrit^ 

313 

286 

6.4 

Blende 

250 

2.85 

8.0 

Hematite 

303 

267 

6.6 

7.5 

Limonite 

238 

213 

8.4 

9.4 

Dolomite 

175 

! !60 

11.4 

12.5 
1.8 0 

13.5 

14.6 
12.2 

Limestone, andesite, syenite 

Vein quartz, granite and granitic rocks 

168 

168 

! 154 

! 148 

11.9 

11.9 

Clay, quartz, porphyry, trachytes, rhyolites, etc. 
Vein quartz, with 15% galena 

163 1 

1 387 

138 

1 164 

12 3 

10.7 

Vein quartz with 15% pyrites 

180 

1 160 

11.1 

12.5 

12.9 

Vein quartz with 10% hematite 

1 175 

155 

11.4 


♦Calculated from average specific gravity for pure unaltered specimens 


McDonald’s'* figures are given in Table 404. These values are probably for ore as It comes 
to the mill. 


TABLE 404. — MCDONALD’S FKITTRKS ON WETOHT OF ORE 


Materials 

1 Weight per Cubic Foot 

ruble Fe<'t per Ton. 

Tn Place. 
Pounds. 

Broken 

Pounds 

In Place 

Broken 

Granite and porphyry 

170 

07 

11 8 

20 0 

Gneiss 

168 

06 

11 0 

20 8 

Greenstone and trap 

187 

107 

10 7 

18 7 

Limestone 

168 

06 

11.0 

20 8 

Slate 

175 

05 1 

11.4 

21 1 

Quartz 

165 

04 1 

12.1 

21 

Sandstone 

151 

86 1 

13 2 

23.3 

Earth in bank 

111 

1 

18.0 

- - 

Earth dry and loose 

— 

74 ' 

— 

27 0 

Clav 

118 ! 

[ 

17 0 

' 

Saiid 

80 « 

I 

25 0 

— 


Further quotations from various sources are given in Table 405 




APPENDIX. 


1191 


TABLE 405. — M1SCELLA17EOT7S FIGtIBES ON THE WEIGHT OF BROKEN ORB. 


Mine ore coming to Mill 57.^®^ 

Tailings of Mill 44. 

“Blue ground” (altered peridotite) as it comes from the Kimberly 
mines, South Africa.*^* 

Broken quartz as It comes from the T)ecp mine. South Africa."*^^ 

Broken quartz conglomerate as it -lU the Ferreira mine. South 

; Africa.*^“ 

1 Material from gravity stamps.*^ 

[Material from gravity stamps, with the s!imps removed “ 

[Quartz stamped dry through 40 mesh and charged dry into vats at the 
I Victoria mill, Hauraki peninsula. New Zealand.^*' 


1 

'ABLE 405. — 

Weight per 
Cubic Foot. 
Pounds. 

Cubic Feet 
per Ton. 

100 

20 

100 

20 

100 

20 

96 

20.8 

95 

21.1 

87 

23 

77 

26 

75 

26S , 


-FOB CONVERTING SLOPE IN DEGREES TO SLOPE IN INCHES. 


Note. The column headed “Inches per Inch” is also the geometrical tangent of the angie. 

The tangent should alwavs be used in figuring slope angles in preference to the sine. By moving 
the decimal point in this column two places to the right the slope is then expressed as so much 
in one hundred, or, in other words, as per cent. The last column is intended for use on ranners 
and as the steepek vanner found by the author in the mills sloped only IVj mches per foot 
it was not considered necessary to continue this column in the table beyond 2 inches per foot. 

I Inches Inches Inches per Inches Inches Ihch»T»r 

Degrees. per Foot. 12 Feet. t>egrees. p^,. 12 Feet. 


.00146 
.00291 
.00436 
.00682 
.00727 
.00873 
.01018 
.01164 
.01309 
.01465 
.01600 
.01746 
.01891 
.02037 
.02182 
.02328 
.02473 
.02619 
.02764 
.02910 
.03065 
.03201 
.03346 
.03492 
.03(>3S 
.03783 
.03929 
04075 
.04220 
.04360 
.04612 
.04668 
.04803 
.0 4949 
.06096 
.0,6241 
.0.6387 
.066.33 
06678 
.06824 
06970 
.0(5110 
00202 
00408 
00664 
00700 
.00847 
.00993 
.071.39 
.07286 
.07431 
.07678 
.07724 
.07870 
.08017 
.08103 
.08309 


.01745 
.03490 
.05236 
.06980 
.08726 
.10471 
.12217 
.13963 
.15708 
.17454 
.19200 
.20946 
.22692 : 

.24438 
.26184 
.27930 
.29676 
.31422 
.33169 
.34916 
.36002 
.38410 
.40157 
.41904 
.43062 
.45400 
.47148 
48895 
.50044 
.52392 
..64142 
.66800 
..67040 
.,60389 
.01139 
02888 
.04039 
.00,390 
08141 
.09892 
71042 
7.3,394 
.761 to 
.70899 
.78062 
8040,6 
.82168 
.8.391 1 
86000 
.87420 
89174 
90930 
.92080 
4441 
.00198 
.979.66 
.99712 


.20938 

.41875 

.62827 

.83765 

1.04717 

1.25654 

1.46606 

1.67568 

I. 88496 
2.09448 
2 30400 
2.61352 
2.72304 
2.93256 
3.14208 
3.35160 
3.56112 
3.77064 
3,98030 
4.18997 

4 39949 
4.60915 
4.81882 ‘ 
5.02848 
5.23829 

5 44795 
5.65776 

5 86742 
6.07723 
6.28704 
6.49699 
6.70680 

6 91675 
7.12670 
7.33666 
7.54661 
7.75670 
7.96680 
8.17690 
8 38700 
8.69709 

8 80733 

9 01767 
9 22781 
9 4.3819 

64868 
9 86896 
10 0C934 
10.27987 
10 49040 
10 70093 

10 91160 

11 12228 
It 33294 

II. .54376 
11 76468 
11.96539 


1.01470 

1.03228 

1.04986 

1.06745 

1.08504 

1.10264 

1.12025 

1.13785 

1.15547 

1.17308 

1.19070 

1.20833 

1.22597 

1.24361 

1.26125 

1.27890 

1.29655 

1.31420 

1.33187 

1.34954 

1.36722 

1 38491 

1.40260 

1.42028 

1.43798 

1.45570 


0' 

.12278 

1.47341 

5' 

.12426 

1.49113 

10' 

.12574 

1.50886 

15' 

.12722 

1.52659 

20' 

.12869 

1.54433 

25' 

.13017 

1.56208 

HO' 

.13165 

1 57982 

35' 

.13313 

1,.59758 

40' 

.13461 

1.61534 

45' 

.13609 

1.6.3313 

50' 

.13758 

1.65090 

55' 

.13906 

1 66870 

0' 

.140.54 

1.68648 

5' 

14202 

1 70429 

10' 

14351 

1.72210 

15' 

.14499 

1 73992 

20' 

.14648 

1 75774 

25' 

.14796 

1 775.57 

30' 

.14945 

1 79341 

35' 

1.5004 

1.81126 

40' 

.15243 

1 82911 

45' 

.1,5,391 

1 84497 

50' 

.15.540 

1 Q0485 

55' 

.15689 

1 88272 

0' 

.15838 

1.90001 

5' 

.1.5988 

1 018n0 

10' 

.161.37 

1 9.3040 

15' 

.16286 

1 954,32 

20’ 

164.35 

1 97224 

25' 

10585 

1.99016 

30' 

.16734 

2 00810 


12.17635 
12.38731 
12.59827 
12.80938 
13.02048 
13.23173 
13.44298 
13.65422 
13.86562 
14.07701 
14.28840 
14.499i 4 
14.71162 
14.92330 
15.13498 
15.34680 
15.55862 
15.77045 
15.98242 
16.19453 
16.40664 
16.61890 
16.83115 
17.04341 
17.255S1 
17 46835 
17.68090 
17.89358 
18.10627 
18.31910 
! 18.53194 

18.74491 
1&.957S9 
19.17101 
19.38413 
19.59754 
19.81080 
20.02435 
20 23776 
20.45146 
20 66.515 

20 87899 

21 09283 
21 30682 
‘>1 52094 
21 73507 
21 94034 

1 22 16362 

I .3781 8 

I 22.592.59 
I 22 807-30 
I 2.3 02200 
I 23,23685 
I 23 4.5181 
I 28 6608<? 
I 2.3 88197 
1 24.09725 
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1 

i 

i 

1 

7.11563 

7.13924 

7.16290 

7.1S658 

7.21032 

7.2.3409 

7.25791 

7.28177 

7.30567 

7.32961 

7.35360 

7.37764 

7.40171 

7.425S2 

7.44998 

7.47418 

7.49843 

7.52272 

7.54705 

7.57144 

7.59586 

7.62032 

7.64484 

7.66939 

7.69400 

7.71865 

7.74335 

7.76809 

7.79288 

7.81772 

7.84261 

7.S6754 

7.89252 

7.91755 

7.94262 

7.96775 

7.99201 

8.01814 

8.04341 

8.06873 

8.09410 

8.11951 

8 14499 
8.17050 
8.19607 
8.22169 
8.24737 
8.27309 

8 29886 
8.32469 

8 35057 
8.37650 
8.40248 
8.42852 
8.45461 
8.48076 

8 soe-^e 

8.53320 

8.55952 

8.58588 

8.61229 

8.6.3876 

8 66528 

8 69186 

8 71850 
g 74520 

8 77195 
8.79876 

8 82563 

8 85254 

8 87953 

8 90657 

8 93366 

8 96082 

8 98804 

9 01531 

9 04265 

9 07003 

9 09749 

9 12500 
9.15258 

9 18022 

9 20792 

9 23568 

9 26350 


Degrees. 

s s s S “ g j; 

Inches per Foot. 

1 

5.23850 

5.25930 

5.28012 

6.30096 

5.32184 

5.34274 

5.36366 

5.38462 

5.40560 

5.42660 

5.44764 

5.46871 

5.48980 

6.51092 

5.53207 

5.55325 

5.57446 

5.59568 

5.61695 

5.63824 

5.65966 

5.68091 

5.70229 

5.72370 

5.74514 . 

5.76661 

5.78810 

5.80963 

6.83120 

5.85278 

5.87441 

6.89606 

5.91774 

6.93945 

6.96119 

5.98297 

6.00478 

6.02662 

6.04849 

6.07039 

6.09233 

6 11430 
6.13630 

1 6.15834 

6.18040 
6.20250 
6.22463 
6.24680 
6.26900 
6.29123 
6.31350 

6 33580 

6 35814 

6 38051 
0.40291 

6 42535 
6.44783 

6 47034 

6 49289 

6 51546 

6 5.3808 

6 56074 

6 58342 

6 60614 

6 62891 

6 65171 

6 67453 

6 60740 

6 720.31 

6 74327 

6 76625 

6 78926 

6 81233 
6.8.3543 

6 858,56 

6 88174 
6.00494 
6.92820 
6.95149 
6.97482 

6 99818 
7.02160 
7.04504 
7.06854 
7.09206 

Inches 
per Inch. 


Degrees. 

S S § |5 » « c 


Inches per Foot 

3.67355 

3.69256 

3.61158 

3.63062 

3.64969 

3.66876 

3.68785 

3.70697 

3.72610 

3.74524 

3.76440 

3.78358 

3.80278 

3.82199 

3.84122 

3 86047 
3.87974 
3.89903 
3.91834 
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3.95700 
3.97636 
3.99574 
4.01514 
4.03456 
4.05400 
4.07345 
4.09292 
4.11241 
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2.15192 

2.16995 
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2.20602 
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3.40319 
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10.80485 
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OBE DRESSING. 


VAiTTBS OP Meshes in Screen Sizes. 

As has been explained in §152 this method of designating screens indicates only the number of 
holes per linear inch but does not indicate the exact' size of rhe hole, which will depend upon the 
size of wire used. The W. S. Tyler Company give a customer the choice of several sizes of wire 
for each mesh, but what they call their “mining wire cloth” has the sizes given in Table 408. 
According to the author's understanding of the matter these are the screens that a mining man 
wiil get who orders by mesh without designating the size of wire. Screens made by other 
companies will very likely show variations from these values. A rough rule in calculating the 
size of hole when the mesh is known, is to assume that the size of the hole is equal to the size 
of the wire. Thus a 10-mesh screen has 10 holes and 10 wires per inch and on the above as- 
sumption each hole would be 1/20 inch or 0.06 Inch wide. How close this rule holds may be seen 
by studying the table. 


lABLB 408. — TYLER'S “MINING WIRE CLOTH.” 


Iron or Steel 

Brass or Copper. 

Number of 
Meshes 
per Inch. 

Washburn 
&Moen 
Gau^No. 
of Wire. 

I Size of Opening. 

Number 
of Meshes 
per Inch. 

Old 

English 
Gauge No 
of Wire. 

j Size of Opening. 

Inches. 

Mm. 

Inches. 

Mm. 

2 

8 

0.338 ‘ 

8.59 

2 

s' 

0.335 

8.51 

3 

10 

0.198 

6.03 

3 

30 

0.199 

5.05 

4 

11 

0.130 

3.30 

4 

11 

0.130 

3.30 

4 

12 

0.145 

3.68 1 

4 

12 

0.141 

3.59 

5 

13 

0.108 

2.74 1 

5 

13 

0.105 

2.67 

6 

14 

0.087 

2.21 

^ 6 

14 

0.082 

2.08 

7 

15 

0.071 

1.80 

7 . 

15 

0.071 

1.80 

8 

16 

0.062 

1.57 

8 

36 

0.060 

1.52 

9 

IT 

0.057 

1.45 

9 

17 

0.053 

1.35« 

10 1 

18 ! 

0.053 

1.35 

10 . 

17 

0.042 

1.07 

12 

19 

0.042 

1.07 

10 

IS 

0.051 

130r 

14 

20 

0.036 

0.91 

1 12 

18 

0.034 ; 

0.86 

16 

22 

0.034 

0.86 

i 12 

19 

0.043 

1.09 

18 

23 

0.0305 

0.77 

14 

39 

0.031 

0.79 

20 

24 

0.027 

0.69 

14 

20 

0.036 

0 91 

22 

24 

0.022 

0.56 

16 

20 

0.0275 

0 70 

22 

26 

, 0.025 

0.64 

16 

21 

0.031 

0.79 

24 

1 25 

1 0.021 

1 0.53 

18 

22 

1 0.026 

0 66 

24 

26 

0.023 

0.58 

20 • 

23 

0.023 

0.58 

26 

26 

0.0205 

0.52 

22 

24 

0.0204 

0.52 

26 

27 

0.0215 

0.55 

24 

25 

0.0186 

0.47 

28 

27 

0.0187 

0.47 

26. 

26 

0.0179 

0 45 

30 

28 

0.0173 

0.44 

28 

27 

0.0169 

0 43 

35 

30 

0.0145 

0.37 

30 

27 

0.0145 

0 37 

40 

31 

0.0315 

0.29 

35 

28 

0.0120 

0 301 

45 

33 

0,0112 

0.28 

35 

29 

0.0131 

0 33 

50 

34 

0.0100 

0.25 

40 

30 ‘ 

0.0312 

0 28 

55 

35 

0.0086 

0.22 

45 1 

31 

0.0100 

0 2,5 

60 

35 

0.0072 

0.18 

50 

32 

0.0083 

0 21 

70 

37 

0.0058 

0.15 

60 

35 

0.0077 

0 20 

80 

40 

0.0053 

0.14 

70 

37 

0.0078 

0 20> 

90 

42 

0.0044 

0.11 

80 

38 

0.0068 

0 IT 





90 

39 

0.0061 

015 
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Miner’s Inch Measure. 

A miner’s inch of water is the amount ^that flows out under a head of about 6 inches, 
through an opening one inch square in the vertical side wall of a measuring box. Thus an 
opening 2 Inches high and 4 inches long would discharge 8 miner’s inches. The measurement is 
only a rough one since the amount of water passing through wiii vary with the size and shape 
of the opening, the thickness of the plank through which the water flows, the head of the water 
above the opening, the distance of the opening above the bottom of the measuring box, and the 
character of the approaches and of the fall on the delivery side. Table 4U9 shows the discharge 
of a miner’s inch in cubic feet per minute, under different conditions.-® Further data is given 
by Bowie^ and in the Tenth Census Keport.^ 2 » - 


TABLE 409. — ^VALUES OF A MINER’S INCH.* 


1 Openings 2 Inches High. | 

Head to 

Head to 

Head to 

Center, 

Center, - 

Center, 

5 Inches. 

6 Inches. 

7 Inches. 

Cu ft. 

Cu. ft. 

Cu. ft. 

1.348 

1.473 ' 

1589 * 

1.355 

1.480 

1.696 

1.359 

1.484 

1.600 

1.361 

1.485 

1.602 

1.363 

1.487 

1.604 

1.364 

1.488 

1.604 

1.366 

1.489 

1.605 

1.365 

1.489 

• 1606 

1.365 

1.490 

1.606 

1.366 

1.490 

1.607 

1.366 

1.490 

1.607 

1.366 

1.490 . 

1.607 

1.367 

1.491 

1.607 

1.367 

1.491 

1.608 

1.367 

1.492 ! 

1.608 

1.368 

1.493 

1.609 

1.368 

1.493 

1.609 

1.368 

1.493 

1.609 

1.368 

1.493 

1.609 

1.369 

1.493 

1.610 

1.369 

1.491 

1.610 


Length of 
Opening 
in Inches. 


4 

6 

8 

10 

12 

14 

10 

18 

20 

22 

24 

26 

28 

30 

40 

50 

60 

70 

80 

90 

100 


Openings 4 Inches High. 


Head to 
Ceuter, 
5 Inches. 


Cu. ft. 
1.320 
1.336 
1.344 
1.349 
1352 
1.354 

1.356 

1.357 
1.359 

1.359 

1.360 

1.361 

1.361 

1.362 

1.363 

1.364 

1.365 

1.365 

1.366 
1.366 
1.366 


Head to 
C enter, 
6 Inches. 


Cu. ft. 
1.450 
1.470 
1481 
1.487 
1491 
1.494 
1.496 

1.498 

1.499 

1.500 
L501 

1.502 

1.503 
1.503 
1.505 

1.507 

1.508 

1.508 

1.509 
1.509 
1.509 


Head to Center, 
7 Inches. 


Cu. ft. 
1.570 
1.595 
1.608 
1.615 
1.620 
1.623 
1.626 
1.628 

1.630 

1.631 

1.632 

1.633 

1.634 

1.635 
L637 

1.639 

1.640 

1.641 
1.641 

1.641 

1.642 


thus giving full con- 

traction. 


Hydraulic Tables. 


For data on flow of water in pipes, loss of head, etc , 
Civil Engineers’ I’ocketbook. 


the reader is referred to Trautwine’s 


Bibliography for the Appendix. 
This will be found at the end of Chapter XXI. 
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Hoffman 288, 1125 
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Hoffman, W. H 298, 1176, 1180 

Hofman, H. 0. 57, 164-166, 224, 228, 386. 787, 884, 

886 , 1176. 
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Holes, arrangement of in screens 168 

in screens, relation of thickness of plates and 
wires to diameters of, as found In the 

mills 372 

relation of thickness of plates and wires 

to diameters of, as quoted 372 

size of, in sieves 646 

Hollbaugh, J. R 643, 1181 

Holmes and Blanchard 262 

Eomestake Mill 224 

dies used in 163 

dimensions of mortars in 16U 

tappets in 189 

guides in 156 

life of cam shafts in 

mouth in mortar in 166 

rate of crushing in 165 

ratio of gold to silver in plate amalgam 

in 764 

screen frames in 177 

screens used In 175 

shoe shanks and butts 181 

wear of shoes and dies 184 

weight of stamps and mortars 164 

Mining Company 1026, 1133, 1181 

mortar 228 

Hooper, B. H 477 

pneumatic concentrator 820 

vanning jig 505 

Hope’s breaker 61 

compound battery 227 

Hopkins, T. C 1183 

Hoppe, 0 499, 641, 643, 1186 

tests on suction 630 

Hoppers and housing — ' 83 

Hopper-shaped shallow pocket classifiers 400 

unwaterer 476 

Horizontal logs 328 

mills 255 

shafts, of amalgamating pans 248 

Horn pan 291 

Homsllver Mining Company 1015, 1181 

Horn spoon 1153 

Horse power 118S 

Hotop 112, 1185 

Housing 83 

Howe, H. M 188. 833 

Howell, John 142, 227, 643, 1181. 

Howland Mill 232, 236, 290 

pulverizer, No. 1, bibliography for 297 

riffles 722 

Howland’s rotary stamp mill 225 

stamp battery 229 

Huanehaca Mining Company 207 

Htibner 729. 1186 

Huet and Qeyler’s settling cylinder 478 

Hughes Daviot electromagnet 812 

pneumatic stamp 143 

Kundt’s settling tub 478 

Hungarian riffle blocks 726 

Hungary mercury well 770 

Huntington Mills 110, 228. 235, 276 

bibliography for 296 

capacities of 281 

centrifugal force in 278 

compared with Bryan mill 27* 

gravity stamps 278 

cost of crushing by 281 

die rings and roller shells 280 

dimensions and weights 280 

Fraser and Chalmers' figures on 28t> 

purpose, power and capacity 280 

screens used in 281 

used In California 231 

Mill 21 413 


Huntington mills used near Tremnltz, Hungary.. 282 

oscillating stamp 227, 229 

pan 291 

Hunt, R 56, 104, 109, 142, 143, 223, 253, 230-295 

298, 299. 334, 476, 639, 1173 

description of huddle jig 618 

Hurdy Gurdy water wheels 1089 

Hurst, George H 1173 

Husband and Sholl stamps 141 

pneumatic stamp 143 

Hutch, discharges into the 586 

Hutches 523 

slope of in jigs 523 

Hutchinson, W. S 729. 1184 

Hutch product, definition of 495 

Huxley, E. C 67 

Hydraulic classifier 387 

Bilharz 475 

deep double trough 416 

pocket 409 

double cone 426 

Fraser and Chalmers 416 

G. G. Gates’ 418 

hopper-shaped shallow pocket 400 

measures of a four-spigot, with sorting 

columns of 3-inch pipe 403 

purpose and essential qualities of 389 

sizes of feed to 389 

the Dalton 398 

Perraris 400 

Richards shallow pocket 401 

Yeatman 399 

trough or shallow pocket 389 

tubular 421 

giants 56, 333 

The Monitor 333 

jigs, compared with air jigs 825 

Hydraulicking 1006 

Hydraulic mean depth 876 

mining 721 

tables 1197 

water for jigs 537 

quantity 598 

table 596, 597 

In classifiers 387 

Hydrogen, atomic weight of 1188 

1 

Ice, specific gravity of 1189 

lehon 839 

Idlewlld Gold Mining Company . . 1021 

Idria, Austria, hand picking at 493 

waste rock in mine at 481 

I Know Mining Company 901 

Ilmeniteu specific gravity of 1189 

Imlay 681 

Inch 1187 

Included grains 318 

Indium, atomic weight of 1188 

Ingalls, W R 1183 

Inman, A L .. 57 

Inscribing circles and clearance used by mills . 196 

Inside amalgamated plates 17S 

amalgamation . 223 

Instructions for mounting Blake breaker 18 

Intermediate bins . . . 943 

Intermittent automatic discharge . 684 

movable sieve power lies . 506 

or tank system of working amalgamating Pan. 248 

surface tables 700 

blanket tables 703 

carpet tables 703 

cocoa matting . 702 

Cornish “frames” 704 

German sweeping tables . . . . 703 

International Emery and Corundum Company 1078 , 1079 

Interstitial currents in settling 626 

Iodine, atomic weight of 1188 

lodyrlte, specific gravity of 1189 

Iridium, atomic weight of 11 X 8 

specific gravity of 1189 

Irldosmine, specific gravity of 1189 

Iron, atomic weight of 1188 

battery cloth 171 

City Mill, efficiency of stamp mill in . 220 

cloth screens 173 

crushing . 6u 

loss of. In amalgamating pans 249 

Mountain, Bradford eccentric jig used at 500 
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Iron Mountain Mill 

Mining Company 
ore 


ores, magnetic separation of, 

pipe, table of sizes of 

plate screens 

Bieve frames 

specific gravity of i 


wear and loss of, in amalgamating pans., 
I«el Corundum Company 


S95 

897 

895 

790 

405 

173 

539 

1189 

249 

1183 


J 


"Jack,” definition of 900 

Jacket, steam, for amalgamating pan 243 

87 

- J- ^ m 

James Bogardus eccentric mill 259 

Carkeek classifier * 41® 


Janin, Louis, Jr Ill, 227, 261,’ 290 * 291,* 789 

on drop, on amalgamated plates *. 743 

Muntz metal plates 750 

silver plated plates 748 

squeezing amalgam 781 

the care ol mercury 785 

Jaquet, J. B uts 

Jaw and spindle breakers, table of products of.. 53 

breakers 13, 65—57 

capacity of 62 

comparison with spindle 61 

coat of 52 

distribution of crushing in mill 54 

fine crushing in 64 

friction 54 

general remarks upon 33 

having greatest movement on largest lump 28 

Intermittent action of 55 

kinds of 13 

necessity for simplicity of action in.... 36 

number used 51 


power of 62 

principle of action 52 

running cost 54 

size and shape of mouth 54 

table of cost of crushing by 50 

taper 52 

weight of 62 

with equal motion on coarse and fine 

lumps 25 

greatest movement on smallest lump.. 13 
plates, comparative wear of metals for. In 

Blake breakers 48 

Jeffrey Manufacturing Company 343 

details of elevator buckets made by... 864 


rubber belt conveyor 

Jenisch ball mill 

Jenkins, C V 

Jenks, Charles N 

Jerking table 

action of 


.... 859 
.233, 261 

1184 

.335, 1183 
.... 1153 
644 


Bartlett 


492 


testing J 

troughs . . • • * V 

J H Frenier and Son, spiral sand pump made by. 

Jig bed inspection 

Jigging mills using hand jigs 

mixed sizes, author’s tests on 

power used in 

test .. 

with a stay box ^ 

Jigs 

accelerated 

mechanisms in 

and vanners, results of, compared with El- 
more process 

Baum 

Bilharz circular plunger 

circular sieve power 

oblong movable sieve power 

bottom bed of, products of 

Bradford eccentric 

huddle 

cam and gravity in Stutz coal jigs 

cam and spring In 

capacity of 

center discharge In 

eircular •• • • 


Jigs, clearance of the plunger and its attachment 


to the connecting rods 529 

coarse concentrates of 494 

Collom 510 

Conkling 503 

connecting rods for plunger in 530 

construction of 524, 627 

continuous movable sieve power 499 

Cooley 522 

cost of 604 

Jig screens, cost of 547 

life of 646 

Linkenbach's figures on 547 

materials for 545 

table of 540 

Jigs, definition of butch product 495 

Diescher coal 520 

discharges into the hutch 586 

with unwatenng sieves 586 

disc motion in 536 

disposal of concentrates in 586 

double discharge in 583 

drop between sieves in 549 

eccentric in 631 

elliptical gear in 536 

fine' concentrates of 495 

fixed sieve 507 

four mineral separation 590 

frames and tie rods 522 

frames of 522 

Francou 519 

gate and dam discharges 677 

general considerations of 622 

hammer and spring 636 

Hancock vanning 504 

hand 495 

practice in the mills 498 

with fixed sieve 519 

Harz compared with Collom 515 

type r 

height of dam in 579 

height of tailboard in 550 

Hooper’s vanning 505 

hutches 623 


hutch product of 495 

hydraulic water in 537 

quantity in 598 

Jig sieves, percentage of opening 546 

Jigs, intermittent automatic discharge 584 

movable sieve power 606 

Iron sieve frames 539 

Krom’s pneumatic 824 

labor for running 604 

length of sieves 692 

stroke or amount of throw 594 

life of 604 

limit of sizes jigged 604 

linings of 527 

longitudinal partition 524 

material of bottom bed 573 

materials for tanks 622 

McLanahan’s 518 

method of feeding 548 

running 651 

movable sieve 495 

band 495 

New Century Drop Motion 637 

number of sieve compartments in 688 

strokes 

Parson and Fisher 517 

pipe discharge in 583 

plunger 528 

power used 602 

principle, purpose and definitions 494 

purpose and adjustment of 552 

removal of coarse concentrates in 576 

tailings in . . 587 

Robinson movable sieve power 604 

shafts and pulleys in . 532 

side discharge in 580 

sieve frames 538 

sieves for three mineral separation 590 


two mineral separation 
sieve wires and prices - 
size of grains of bottom bed 

sieve hole in 

skimming the sieves 

slime . 

slope of hutches in 

sieves . . - 
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Jigs, spigots in 527 

stay boxes for automatic discharges 684 

Stutz coal jig 623 

tall discharges in 681 

thickness of bottom bed in 676 

top layer of, products of 495 

under-piston 620 

unwatering boxes 688 

Utsch 619 

whole bed of, products of * 495 

width of sieves in 691 

Jig tailings, definition of 494 

tank, materials for 622 
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